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WORK AND PARASITISM OF THE MEDITERRANEAN 
FRUIT FLY IN HAWAII DURING 1919 AND 1920' 

By H. F. Willard 

/iwwiani Eniontologisl, in Charge of Medtlerranean Fruil-Fly Ouaraniine Inspection, 
Burean of Entomology, United Siatef Department of Agriculture 

Control by parasites has been the only method of combating the 
Mediterranean fruit fly {Ceratitis capiiata Weidemann) in Hawaii tliat 
has met with any degree of success since its introduction in 1910. In 
1911 the Territorial government inaugurated a clean-culture campaign, 
which was taken over by the Federal Bureau of Entomology in 1912 and 
continued until 1914. This campaign consisted of gathering and de- 
stroying all host fruits in Honolulu. During its investigations of the 
fruit fly from 1912 to 1914 the Bureau of Entomology tried extensive 
spraying experiments with poisoned sprays, endeavoring to kill the adult 
flies. Both of these methods of conlrol faded because of the great 
abundance and variety of host fruits, there l>eing over 70 varieties in 
Honolulu alone, some of which are bearingat all seasons of Ihe year. 

During the time these experiments were being made the Board of Agri- 
culture and Forestry of the Territory of Hawaii engaged Prof. F. Silvestri, 
an Italian entomologist, to travel in Africa and Australia in search of 
fruit-fly parasites. In May, J9r3, lie arrived in Honolulu with a few 
living specimens of the opiine larval parasites Opius humilis Silvestri 
from Africa and Diachasma tryoni Cameron from Australia. In 1914 the 
Territorial government sent D. T. Fullaway and J. C. Hridwell to Africa 
to search for additional parasites. As a result of this expedition two 
larval parasites, an opiine {Diachasma fitllawayi Silvestri) and a chalcid 
{Tetmsiichus gifjardianus Silvestri) were introduced in October of that 
year. All four of these parasites soon became established and were 
distributed to all the larger islands of the Hawaiian group. 

The Bureau of Entomology, during its studies of tlie Mediterranean 
fruit fly in Hawaii and in conjunction with its quarantine work, has had 
an exceptional opportunity to observe the results achieved by these 
parasites since their introduction. A series of papers has been pub- 
li. licd,^ ijdving yearly records of the work done by them, as individual 
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species and collectively, and the extent of infestation of different fruits bv 
Ceratitis capUaia: The present paper is a continuation of these records 
for the years 1919 and 1920. 


TABtE l.—Exlenl of iTtfestation of host fruiU by larva of Ceratitis capilaia in Hawaii 
ditrin^ igig and igaa 


Host Iniit. 


Number of fruils 
collected. 


; Number of C. caps- | 
tala larvje cmergiuB. ( 


Averacenuni. 
bcr of lirv® 
per fruit, 


Indian almond (Terminalia ca- 

lappo) 

Mango (Mangifera indica) 

CofTee (Coffea arabica) 

Strawberr)’ gtiava {Fsidivm cat- 

tkiunum) 

Black myrobalan {Terminalia che- \ 

buin) i 

Peach {Amygdalur persica) | 

Satin-le:d {Ckrysophylhm olivoe- [ 

forme) j 

Rose-apple {Eugenia jambos) 

French cherry {Eugenia uniflnra) . 
West Indian medlar {Mimusops \ 

elengi) ! 

Karaani {Calophyllum inophyllum) . i 
Yellow okauderf rAci'Kf <a newfolio ). ; 
Carambola {Averrkoa carambola ). , . 

Chinese orange {Citrus sn.) 1 

Guava (Psidium guajava) 

Loqtiat {Eriobolrya jopotiica) , 

Noronkiu emarginata 

Orange {Citrus o«ron/;«wi) j 

Waiatvi {Psidhm gnamu pyriferum) 

Idtne ((rifi Mf medica limelta) ■ 

Tangerine {Citrus nohilis) 


ipiy 

192a i 9 i<J 1 

35,716 

i, 5 « 

> 6 .» 5 S 

1 

34,060 300,391 i 
1,787 j S, 8 S 7 

4,080 ; 6,985 1 

20 , 539 1 

22, 133 . “S, 266 

8,199 

385 

3,373 i ,58,3.59 
10 ■ 5, 226 1 

229 

8 oi ' 1, 136 j 

8, 671 

5,725 , 7,643 


2,287 

453 
17 479 

153 

21,804 

438 , 2, 682 
2,367 I 2,462 
106 ! 7 

40,260 ! 5.3,870 


^f> 7 S i 4,051 65,732 

i,<^o j 5-827 

194 : 

216 Ou 710 

547 • 

; ^54 , 

-,1 869, 


19J0 1919 


i 


87, 811 

8.4 

6, 212 

3-7 

2,441 

•4 

25, 662 

1. 2 

23, 199 

4- 7 

15(1 

13.6 

3 i 748 

5-0 

49,329 


8, 046 

■9 

S34 


2> 147 

6. 0 

4,590 

i'7 

22 

0 

94, 614 

2- 5 

29, 168 

9.8 

, 5-4 


28 


.3- O49 

3- 3 



1S2 


;68 



1920 


5 'S 
.6 
1 . 2 
6.9 

15.6 
4 ’ : 
1.4 

.<1 

4-1 

1. t 

2. i 
1-‘ 


I, i 

'5 


Table I gives data which show the average infestation per fruit of 21 . 
different varieties collected about Honolulu in 1919 and 1920 and indi- 
cates in a general way tlic abundance of adults of Ceralilis capitaia for 
those years. A comparison of this table with Tabic I in the records 0; 
parasitism for 1918,* would indicate a reduction of this pest during tlie 
past three years. For the year 1919 the average infestation of 9 varieties' 
of host fruits was less than during 1918, and greater in 5. For the year 
1920 it was less in 9 varieties, the same in i, and greater in G than in 191S. 
It is encouraging to see that many of tliese reductions in infestation 
occurred in the most preferred hosts of the fly, notably the peach (. 4 w)g- 
dalws persica) and Indian almond {Terminalia caiappa). The peach has 
always been the most heavily infested fruit in Hawaii, and the average 
infestation for 1919 was less than for any year since the introduction of 
parasites, and over 33 percent less than in 1918. The Indian almond ctifl 
be found in all sections of Honolulu and is much preferred as a breeding 
place by the fly. It bears prolifically, and its infested fruits can be 
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secured during almost every montli of the year. Consequently, Indian 
almond has been used more than any otlier fruit in securing parasitism 
records of the fruit fly. Average infestation records of this fruit alone, 
of which about 30,000 are collected yearly, are a good guide to the abund- 
ance of C. capitata in this locality. In 1919 and 1920 this average 
decreased 15 per cent and 44 per cent, respectively, over that of 191S- 
These are the first important decreases in infestation of preferred host 
fruits that have taken place since parasitism records were started. 

Table II, which records the parasitism of tlie laxvx in each host fruit 
by the month, reveals interesting information relative to Diackastna jtdla- 
wayi and Tetrastichus gijjardianus. Prior to 1920 the former had a 
tendency to attack its host freely in only a few fniits, namely, straw- 
; berry guava {Psidium catUdanum), coffee {Coffea arahica), French 
fclrerry {Eugenia uniftora), and yellow oleander {Theveiia nenijoiia). 
pother fruits occasional]!^ yielded larvae that were parasitized by D. 
^fudawayi; but the 1920 records show larva;, in nearly all fruits under 
^observation, to be freely attacked, especially during the latter jiart of 
Hhe year. It caused the death of i2.i per cent of ail larva during the 
iycar (Table IV), which is more than double its percentage of parasitism 
during any of the previous five years, with the exception of 1917, when 
it was 7.3. T. gifjardianus has also shown an increase over previous 
years, although not so great an increase as D. juUawayi. It has proved 
its value by its ability to attack its host in fleshy fruits, where the fruit- 
fly maggots are protected to a considerable extent from the opiine para- 
■^ites. T. gijjardianus attacks its prey within the fruit, after entering 
through a crack or other opening, by attaching itself to tiie larva while 
.ovipositing. In this manner it can reach many larvse wliich are out of 
reach of the opiine parasites, which oviposit only in larva; near the 
. surface, by piercing the skin and pulp of the fruit witli Uicir ovipositors, 
ijf fruits with thin skin and shallow pulp, like tlie Indian almond and 
coffee, were the only ones growm in Haw^aii, the opiine parasites now 
ilhere would probably control the fruit fly; but tlie fleshy fruits, such as 
■the guava {P. guajava), of which there are tliousands of acres and in 
Which these parasites work with difficulty, serve as a constant source of 
supply of adult fruit flies. It is interesting to note iliat T. gif/ardianus 
attacked the larvae in guava very freely during 1920. In six out of the 
-ipine months during which records were obtained it destroyed more 
iarvcc in this fruit than the other tliree parasites combined. The records 
for 1919 and 1920 have greatly enhanced tlie value of this parasite. 
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T.)£j).R U.— Percentage of parasitism of larva Ceratilis capiiata in Hawaii in igig and 
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TabiE ll.—Percentage of parasitism of tanm of Ceraiitis capilala in Hawaii in JOIQ and 
1^20 — Continued * 
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Perecfitaee ol parasicism. 


Diathnima | Ih.uhasma Telrarluhur 
Irjioni. I Jullaifayi. ijtJJardia/iut. 


Tables III and IV record tbe work of cacii parasite in all fruits collected 
)vcr monthly and yearly periods. In Table HI, the percentages of 
tarasitism by Diar.hasnm jitllawayi- for 1919 are typical of those for 
trevioiis years, A comparison of those figures with percentages for 
:920 in the adjacent column on the right again reveals the increase in 
he eflectiveness of this parasite. In two months of 1920, January and 
Vugust, its work exceeds that of any one of the other tlircc parasites, 
ukI in six other months it was second in eflectiveness. As indicated in a 
)re\’ious publication,* the ability of D. tryoni and juUawayi to dcsiroy 
ipius humilis when tliey occur in tlie same host larva influences the 
mount of parasitism by O. humilis to a great extent. 0 . humilis has 
ilways been more abundant during the eooler mtmths of the year, when 
he two species of Diachasma are less active and have a tendenev to 
libernate; and it decreases greatly in iiumbcre during tlie w, inner 
niinths, when it must contend with maximum mimbcrs of Diachasma. 
n records of parasitism lor 1916 ‘ the effectiveness of 0 . humilis during 
Lve months out of the year was greater than that of both species of 

I’MMnnRTON. C. E., and Wii.i..ARn, H. F. isTERREi.Anoxs of fkvit-fi.v I'Arasitk.s i.v lUn-.m. in 
Jtiiir.'Vgr Kcicarch.v'.ii.no. s.p. 

PiiMBhiRToN. C. E- and Wjllakl). H. F. FR«;rr-?t.i' p.^R.AiirrsM in* ii vwaji hl'k'sg ivif>, f>i J r.ir. A;t, 
Rtsea-c!i, v. jj, no. i, p. jov iJ.'- wS- 
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Diachasma. In 1917 and 1918 * it was greater during two months; and 
in 1919 and 1920, for one montli out of cadi year. The control exerted 
over 0 . ktmilis by Diachasma, reducing parasitism by the former as that 
of the latter increases, is dearly shown in Table IV. In 1915 0 . Jnmilis 
cl< stroyed 31.5 per cent of all Ccratilis capitaia larva under observation, 
or 83.1 p»T cent of the total parasitized larv®. In 1920 its parasitism 
was only 9.4 per cent of all larvae, and 18.1 per cent of the total para- 
sitized larva}. This great decrease in the numbers of 0 . hmilis over a 
perirMl of six years is due almost entirely to the cannibalistic habits of 
D. hyoni and D. jiillawayi. Telrastkhus g{j]ardianus probably destroys 
small numbers of 0 . kitmili-s, as well as D. iryoni and D. jullawayi. 
Studies of the interrelations of tlicse parasites ’’ show that T. giffardianus, 
which does not resort to cannibalism, is capable of destroying opiine 
parasites occurring in the same host larva, probably by starvation. 
This parasite deposits about 10 eggs at one time in a single fruit-fly larva. 
The larvie hatching from these eggs usually have no more than one' 
opiine larva to contend with, and they absorb tlie food material of the 
host so rapidly that the opiine larva usually dies. Before death, however, 
tile opiine larva often destroys many of the T. gijjardmnus larva>, but 
no instance has been observed where the opiine larva survived, although 
such a case may be possible. Should T. gi^titdianns continue in numbers 
and cffecliveucss, it will iloubtlcss cause a decrease in the numbers of 
the opiine parasites; and it will be interesting to note what effect the 
new proportions of parasitism will have on the amount of infestation 
by C, capitala. 

'Ihe records of fruit-fly parasitism for 1919 and 1920 have shown 
several intcrcsling facts in connection with tlie efforts to control the 
Mcyliterrancan fruit fly by introduced f)arasites. The continued activi- 
ties of these parasites during the past .six or seven years, and, the' fact 
that they have destroyed approximately 50 per cent of the fruit flies 
developing during the past four years, have caused a noticeable. decrease 
in the infestation of some of the most preferred host fruits of the fly, A 
great check has been exerted on the. activities of Opius hnmilis by the 
two species of Diacliasma until, in 1920, it was the least effective of the 
three opiincs and jjarasitized a smaller percentage of lar\-ii: than during 
any year since its introduction. Diachasma jnUaicayi and Tciraslichus 
iji/jurdianus liave increased greatly in value, and have proved Iheir ability 
to attack fjuit-Ily larvie in almost any fruit. While tlie use of parasites 
(Iocs not control the Mediterranean fruit fly in Hawaii, it has met with 
a large degree of success, as compared with other iiicQiods of combat- 
ing tins pest, and has decreased the infestation of many edible fruits to a 
marked extent. 

* C. Iv.. and WaiARn, II. U. work AXD PAR.\SinSM op the MF,DlTi;i(l<AMi.‘LN fKVU RY 
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. />! J.,ar. Ajir. K^irdi. v. iS, no. S. p. 441 446. iojo. Literature cited. {». 4;&, 
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Table lU.— Total parasitism of all larv<s of Ceratitis capilala coUeckd in Hawaii 
during IQIQ and IQ20 {monthly averages) 


I’erc«itat;« d parasicisni. 


; NuiubtTol , -- 

Month. h»r%te. Opius Dia>hasma IHuthaimj 
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1920 1929 
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i 

3,521 ■ 6-8 

6-7 27 
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10-0 II 
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23-6 ■ : 
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r.hl 
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J5-0 13 

3 

.5-9 
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15.4 3S 

8 

76.4 
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;-6 34 


24. « 

July 

8,758 

5,963 . 22.0 

5. 7 25 

9 

7S.9 
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..! T.6.1S 

5,0.8^ , T-4 

8-7 8 


23.: 
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- 1 9iy6i 

O.V ■ 5.4 

4..S 13 

s 

(‘ctobCT 

. . ' 10-676 

,5.104 6-5 

2-0 11 


4^8 

November 

..; io,So6 

1.748: 6-9 

1.7 21 

I 

26- 1 

December 

5- 9*4 

2,145 22-6 

•5 33 


4-4 


19:0 



tiu kus 

Total. 


1919 

.,,0 

4-8 

27.7 

2?. t 

!6-o 

-IS- 5 

3S- 7 

10- g 

18.5 

45-9 

4.8 

}6. 4 


2-7 

46-8 


1 - } 

46-9 

48.0 

7-8 

C». 0 

s:-9 

10.5 

.52- 2 

S 7-0 


30. 1 

:S’i 

7-2 

20.9 

04-4 

25-6 

3».0 



55-6 

3.i 0 


Table IW—Toial parasitism of all larva of Ccratilis capiiaia collcckd in Hawaii from 
igi) to Jp’c* ()vcir/y averages) 
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.6 
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?• 7 


Ptr 

,17-9 
3.V 3 
47-5 
5.V 8 

5i'9 




ACID PRODUCTION BY RHIZOPUS TRITICI IN DECAY- 
ING SWEET POTATOES' 

By H. A. Emov 

Pnikologist, Ofic« of Cotton, Truck, and Forage Crop Disease Invcstigatioyjs, fiureau of 
Plant Industry, United States Department of AgrkvUute 

INTRODL’CTION 

Weimer and Harter^ have recently shown that the carbohydrate 
losses from sweet potatoes undcrgoii,g decay by Rhhopus triiici Saito. 
exceed tlic weight of carbon dioxid evolved, and that the difference is 
considerably greater than the probable ainount utilized in the construc- 
tion of fungous tissue. They report an increase in the hydrogen-ion 
concentration of the juices of tlie decayed material-, and indicate the 
probability of alcohol formation. They conclude; 

That acids arc produced in consiclmblc abundance seems quite evident, and that 
alcohol is formed seems probable. The carbohydrates required for the niimu/acture 
of acids and alcohol together with that utilized directly in the production of fungous 
material will probably account to a large extent for the decrease in Lhc sugars and 
starch which are not accounted for by the CO^ evulvc<). 

In the hope of securing additional information regarding iJie carbo- 
hydrate changes involved, particularly the Identity of the acid or acids 
produced, the present writer, working with material courteously sup- 
plied by Weiincr and Harter, ha.s carried on certain additional experi- 
ments, The results, which are here presented, are confirmatory and 
show that tlie principal imxliicts of tlie fermentation arc ethyl alcohol 
and acetic acid, but that formic acid, a trace of butyric acid, acetone, 
an unidentified aldehyde, and traces of at least two nonvolatile acids, one 
of which is lactic and the other probably succinic, are produced, and 
that a small amount of ammonia appears among the nitrogenous decom- 
position products. 

EXPERIMENTAL WORR 

The decaycfl sweet potatoes employed resulted in most instances from 
artificial inoculation with R. triiici, but in a few cases tlie decay resulted 
from natural infection. Some tests were made in the early stages of 
decay while it was incomplete but actively progressing. In these cases 
:mly the softened portions of the tubers were employed. Most of the 
tests were made on material which had undergone complete decay in 
moist chambers in the incubator at 30° C. after which they were held 
tor a period which varied from 1 or 2 to 18 or 20 days. 

The results were substantially identical in all cases. I'or each trial 
about 10 tubers were placed in cotton cloth and subjected to heavy pres- 
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sure in a meat press. About iioo cc. of brown liquid, acid to litmus, 
u!as thus secured. It was rendered alkaline with sodium carbonate and 
distilled with steam under approximately constant volume. After loo to 
150 cc. of distillate (whicb began to come over at about 92° C.) had been 
collected, distillation was interrupted and the material allowed to par- 
tially cool. An excess of phosphoric acid was then added and the 
copious precipitate of organic matter which appeared was centrifuged 
off, and the filtrate returned to the apparatus and distilled with steam 
at conslant volume until two or three liters of distillate had been collected 
and the condensing vapors no longer gave an acid reaction to litmus. 
Distillation was then continued under diminishing volume until only 150 
or 200 cc. remained in the disliiling flask. This residue was allowed to 
cool and extracted with ether for several hours for the recovery of non- 
volatile organic acids. 

The dislillalc obtained from the alkaline liquid jiossessed a neutral 
reaction and a strong odor of ethyl alcohol. It was inflammable, burn- 
ing with a blue flame. It was found that 5 cc, yielded a very copious 
precipitate of iodoform when subjected to the usual potassium hydroxid 
iodin test. Heated with a few drops each of sulphuric and acetic acids, 
it yielded distinctly the odor of ethyl acetate. 

With ammoniacal silver nitrate, 5 cc. of the distillate gave a heavy 
silver mirror. It also restored the color to magenta solution decolorized 
with siiI[)hurous achl. It developed a pungent but not a lemon odor 
and a yellow color on boiling with sodium hy{lroxid. The color was at 
first clear yellow, then slighty cloudy, becoming clear again on furtiier 
boiling, with the final development of reddish-brown, but not the yellow- 
orange cidor or the odors characteristic of either acetic or propionic 
aldehyde. The resorcine sulphuric acid tests for formaldehyde yielded a 
brown ring and a white precipitate, soon inrning brown. The red color 
characteristic of formaldehyde did not appear. The gallic acid test ^vitll 
sulphuric aci<l was also negative for f<>rmie aldehyde. 

Tlic li(|uid gave a slight but distinct positive test for acetone with the 
Gunning iodoform test. A portion of the distillate, slowly heated with 
a distinct excess of Tehling's solution in a distilling flask and then dis- 
tilled, yielded reduced copper iu the flask and a distillate which reacted 
positively for alcohol but no longer gave the aldehyde or acetone re- 
actions. The original distillate gave a positive reaction for ammonia 
with Nessler’s reagent, and it was noted also in pcrionning the Gunning 
acetone test that a black precipitate (nitrogen iodidj, wliich disappeared 
on standing, formed immediately on the addition of iodin and before 
ammonia was used. 

Tiicse tests show that the distillate contained a high percentage of 
ethyl alcohol, appreciable amounts of an unklentifiecl aldehyde (not 
formic and probably not acetic or propionic), traces of acetone, and small 
amounts of ammonia. 

The entire distillate from phosphoric acid was titrated with standard 
barium hydro.xid ami evaporated to dryness on a steam bath. It usually 
contained from 30 to 40 cc. of normal acid, though some of the freshly 
decaying sainjdes yielded only 10 or 12 cc. The dried barium salts were 
extracted with 10 to 20 volumes of absolute alcohol for several hours with 
frequent trituration, filtered and washed with alcohol. The filtrate when 
evaporated yielded only a very small residue. When warmed with a 
drop or two of sulphuric acid the residue gave a rancid odor. The 
addition of a few drops of ethyl alcohol and further heating developed 
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an agreeable odor suggestive of pineapple, indicating the presence of 
butyric acid. The barium salts Uiat were insoluble in alcolio! were takefi 
up in water, filtered free from the small amount of insoluble carbonates 
and decomposed by an excess of sulphuric acid. The barium sulphate 
was removed by filtration and the volatile acids removed bv distillation 
from the filtrate. Tests for the identification of the acids were made 
on this distillate or on the sodium or barium salts obtained from it. 

The reaction with ferric chlorid was positive for acetates and formates. 
With silver nitrate, a white crystalline precipitate, soluble in ammonia, 
was produced. On standing, or more promptly on heating, the ])re- 
cipitalc acquired a dark lint, but the separation of metallic silver causing 
it was always small. Mercurous nitrate produced a white crystalline 
preci])itate which also took on a grayish tint on standing or on heating. 
Mercuric chlorid gave a white precipitate of mercurous chlorid on heat- 
ing, but its volume was very small for the amount of salt tested. Heated 
with sulphuric acid the salts gave off the odor of acetic and formic acid. 
Slight e.^CH'CSccncc accompanied the reaction, yielding a gas which 
in carefully carried out tests could be ignited, burning for an instant 
with a blue flame. The ester o!)tained on heating the salt with siilpliuric 
acid and alcohol suggested botli methyl and ethyl acetates, in comparison 
with parallel tests on pure known salts alone and combined. The free 
acids were wanned at 45"^ C. with an excess of mercuric oxid, filtered, 
and the filtrate heale<l to boiling; a slight but distinct precipitate of me- 
tallic nierciiry was thrown down. White crystals of acetate of mercury 
appeared in the liquid on cooling. Tlie sodium salt heated with para- 
tolnidin and hydrochloric acid yielded an acid toluid which when purified 
and twice recryslallizcd melted at i45'^-i46® C., uncorrected. Acet- 
p-toluid melts at 148.2'^C., corrected. A portion of tlie barium salts 
was purified by twice redistilling fniiii strong sulphuric acid and again 
obtained as the barium salt. After recrystallization the barium content 
of the dehydrated product determined gravimclrically V)v prccipitution 
with sulphuric aci(i was 5^t-53 i)er cent. .A synthetic sample 5)reparcd 
from pure glacial acetic acid ajid the barium hydrate used in the work 
also yielded an average of 53.53 per cent of bariunt. The theoretical 
figure lor piwc Viariuin acetate is 53.79 per cent iiarmra. 

From the foregoing tests it is evident that the volatile acid obtained 
, was chiefly acetic but that a small amount of formic and a trace of butyric 
! were also recovered. 

The ether extract was examined for nonvolatile acids. On standing 
fine needle crystal.? appeared in the sirnpy matrix remaining after 
evajioration of the ether. Water was added and the resulting solution 
titrated against pheuolphthalein with standard barium hydrate, 50 
to Oo cc. of N/io solution being required. The resulting barium salts 
were evaporated to dryness, triturated with 10 to 12 cc. of water, 
filtered, washed wdtii a few cubic centimeters of water, and the filtrate 
and wasli w'ater treated wdth strong alcohol till the concciilratioii was 
90 per cent by volume. It was then placed in the ice box for a day or 
two, after wdiich tlie precipitate was filtered off and washed with alcohol. 

Tlic filtrate was evaporated to a small volume, diluted with 20 cc. of 
water and carefully treated willi N/io sulphuric add, drop by drop, 
as long as calcium sulphate precipitated. The excess sulphuric acid 
added \vas removed by one or two drops of barium hydrate solution 
and the barium sulphate removed by filtration and washed. The 
filtrate and washings were evaporated on the w'ater bath to a small 
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volume and tested for lactic acid by the Kelling ferric chlorid test and by 
Uffelmann’s test, both of which gave positive reactions. The remainder 
of the liquid was placed in a test tube fitted with a conducting tube 
leading to a second test tube containing i cc. of water. On heating 
the material in the first tube it decomposed, giving off white vapors, 
which were absorbed by the water in the second tube. This material 
when boiled with 5 cc. of 10 per cent sodium hydroxid became first 
clear- yellow, tlien turbid, opaque and yellow-orange, giving a pene- 
trating characteristic odor, thus confirming the previous tests for lactic 
acid. 

The residue of barium salts of nonvolatile acids remaining undis- 
solvcd after trituration with the 10 to 12 cc. of water, as indicated in 
the preceding paragraph, was dissolved in 50 cc. of hot water and decom- 
posed with sulphuric acid. Any trace of excess acid was avoided. The 
material was concentrated on the steam bath to 10 cc,, filtered into a 
weighed lest tube, and evaporated to dryness on a steam bath while 
removing tlie vapors by an air current through a piece of glass tubing 
inserted in the neck. The dried residue of about ,05 gm. was heated 
for 30 minutes with .3 gra. of p-toluidin in a bath at 210® C., employing 
a refiux air cooler. After cooling, 5 cc. of 50 per cent alcohol were 
added, and then it was boiled, thoroughly cooled, and filtered. The 
crystals obtained were dissolved in 5 cc. of alcohol and recrystallized 
on a watch glass. White needle crystals, presumably succintoluid, 
separated out, but the yield was almost microscopic in volume and too 
impure, as shown under the lens, to employ in a melting point deter- 
mination. The precipitate filtered from the 90 per cent alcohol solu- 
tion was also tested as outlinetl above for succinic acid but witliout posi- 
tive results. The evidence obtained therefore indicates the presence 
of a trace of lactic acid and perhaps also succinic acid. 

In order to make sure that the products identified were not the 
result of the activities of bacteria or other secondary organisms fol- 
lowing the fungus, the work was repeated wiQi substantially identical 
results, employing both sweet potato broth and sterilized sweet potatoes 
ill llasks, as well as raw blocks of sweet potato cut from the tubers under 
aseptic conditions and placed in sterilized flasks, Raw sweet potato 
juice secured by p'inding sound tubers of the same variety as those 
used in the inoculation experiments and subjecting the pulp to pres- 
sure in the meat press yielded a neutral distillate free from ammonia. 

SUMMARY 

It may be concluded that the fermentation produced in sweet potatoes 
decaying through the action of Rhizopus (ritki is of tlie familiar alcohol- 
acetic acid type, in which, in addition to alcohol and acetic acid, much 
smaller amounts of funnio, butyric, lactic, and succinic acids are found, 
as well as acetone and an unidentified aldehyde, and tliat ammonia is 
among the nitrogenous decomposition products. 



temperature effects in plant metabolism^ 

By W. E. Tottingham 

A :sociale Professor of Agrieultural Ckcmislry, Universilyof H rcrow.cin 
INTRODUCTION 

In recent years considerable attention has been given by ecologists 
to climatic factors as determining plant distribution. Among the more 
recent publications in tliis field is the work of Livingston and Slireve (^7 ) } 
The extensive observations of Bonnier (i, 2) upon anatomical and 
physiological modifications in plants of the same species, grown at dif- 
ferent altitudes, are also noteworthy in this connection. This inves- 
tigator has recently detected a complete change of variety in plants 
subjected for several years to such change of environment. To the 
physiologist, adaptations of this sort are explainable by the assumption 
that changes in the intensity of the various climatic factors disturb the 
chemical and physical equilibria which direct the growth process. 

Followers of agricultural science are familiar with general relations 
between variations of climate and differences in the. chemical composi- 
tion of plants, Thus Hall (9, p. states: 

Even on the Rathamsted plots, where the dilTcrenocs in the sxipplyof nutrients are 
extreme and have been accumulating for 50 years, the composition of the grain changes 
more from one season to another than it docs in piissing from plot to jilot. 

Beginning with the work of Richardson (ji, p. 6y; jj, p. 2^) on analyses 
of grains from various regions of the United States considerable work 
has been done in this countn.^ upon the problem of environmental effects 
in the chemical composition of plants, he Clerc {r8, 10) lias shown that 
the hot arid climate of Kansas is oOTulucive to high jirole.iti content of wheat 
grain, irrespective of the types of soil tested by him. Richardson found 
no difference in composition of mai^e from different regions, No decided 
correlation between climatic factors and the composition of swcctcorn 
was found by Straughn and Church {3S) in an investigation confined 
to the Atlantic Coast vStates. On the other hand. Wiley {41) found a 
distinct correlation between the sugar content of the sugar beet and the 
latitude of the State experiment stations which cooperated in his inves- 
tigation. He concluded that temperature was the effective climatic 
factor in this case. 

Apparently there exists an open question as to whether such climatic 
influences as have been mentioned here operate only upon the plant or 
act als<3 indirectly through modification of the composition of the soil. 
Thus, while Lawes and Gilbert {17) found the proportion of grain in the 
wheat crop of Great Britain decreased by excessive rainfall, they at- 
tributed the effect partly to loss of nitrates from the soil by leaching. 
Furthermore, Gericke (7, 8) has shown that the protein content of wheat 
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grain can be increased by adding nitrates to the soil at a late stage of 
growth. He attributes the characteristically low protein content of 
wheat of the Pacific Coast States to deficiency of soil nitrates rather 
than to purely climatic influences. Finally, Lipman and Waynick {20) 
have (U‘scrilK“l rather profound effects of climate upon biological and 
chemical properties of the soil. 

Recent investigations in this field have Included attempts either to 
analyze climatic conditions more closely in relation to growth out of 
d(X)rs, or to control some of the climatic factors within greenhouses, 
Thus, Briggs, Kidd, and West {4) analyzing the data of Krcusler for the 
growth of maize, found the increase of weight per unit of leaf area better 
correlated with variations of atmospheric temperature than unth varia- 
tions of either illumination or rainfall. Their methods of treatment have 
been unfa\-orably criticised, however, by Fisher (5). In the case of peas 
grown in water cultures Brenchley (y) found the percentage rate of 
increase of the dry matter correlated with the temperature of the green- 
house at the foreperiod of growth, but with both temperature and sun- 
shine thereafter. Walstcr {40) conducted sand cultures of barley in 
grccnlionscs controlled approximately to 15® and 20® C., but with the 
atmospheric humidity subject to influence by temperature changes. 
With a liberal supply of nitrates provided in the nutrient salts the plants 
grown at tlic higher temperature were e,xccssively vegetative, while the 
other cultures supported normal culm formation. Under these condi- 
tions the leaves of the plants growm at the higher temperature were com- 
paratively rich in soluble nitrogenous compounds, while they were rela- 
tively ])oor in sugars and other soluble carl>oliydrates, The reverse of 
tills relation obtained with plants grown at the lower temperature. 
Bifferences were found in the distribution of various forms of phosphorus 
compounds in the plant tissue of the two types of cultures. The greatest 
(niantitative dilTerencc found by chemical analysis, however, related to 
tlie polysacoharids. 'Hieie were nearly 3 per cent more of these in the 
dry matter of the plants grown at 15® than in that produced at 20®. 

The foregoing abstracts may serve to indicate the relative importance 
of tenifierature dilTcrences in climatic effects upon plant growth, as well 
as the apjKirenlly specific compositional response of the plant thereto. 

It can be readily appreciated that such responses may bear important 
relations to disease resistance in the organism. As a matter of fact, 
plant palliologists have, been giving increasing attention to environmental 
facloTs (12, 14, 29, 39) in the investigation ui disease relations. 

Furthermore, (he work of Kraus and Krayhill (f6) indicates important 
relations to fruitfulness of the ratio betueeu nitrogen and carbohydrates 
of ])]ant (i.s.sm’s. The possible practical importani'e of climatic modifica- 
tions of plant composition thus becomes apparent. 

EXPERIMENTATION 

The more significant of Uie experiments to be described here were 
coiidiK-ted in diambers especially constructed for regulation of atnics- 
pi:cric (ernperatiire and humiditv.^ Pending the development of these 
eli;nni)er.s the following preliminarv test was made in greenhouses regu- 
lated rouglily williin different icmperatnre ranges. 

’ Cliainbcrs lot a similar purpose liave been pteviously developed fay Hottes, as mentioEed by Peltier 
(- J. / 41''): lati-r dcvfltqsraeiits have been desciibcd by Johnson («). 
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red clover {trifolium praetense) in soil cultures within green- 
houses 

Tiie soil employed was Miami silt loam as described in a previous piib- 
iicaiinii {10, p- 257). It was compacted moderately in glazed stoneware 
jars 21 cm. in diameter and 13 cm. deep (i-gallon crocks). These held 
conveniently 5 kgm. each of tlie air-dried soil. Two gm. of CaCUg 
iverc mixed with each portion of soil. While filling tlie jars Uvu of the 
ryliiidiical fonn of aiito-irrigator (unground atinometer cups) intro- 
duced by Livingston (>/, 77) were placed in the soil. Tliese were cun- 
icclccl with water reservoirs which could be adjusted vertically to regu- 
jate the plane of water in tlie soil of each jar separately. 

On January 2, 191S, when the soil masses hail attained a moisture 
content of 14 per cent (by weight), seeds from a vigorous commercial 
stock were sown in four jars, 'i'hc jars remained in a greenhouse viili a 
temperature range of 15.5® to 21® C. until the seedlings ap])earcd, a 
period 01 six days.^ Two of the jars were noiv transferred to another 
greenhouse with a ienijierature range of 10® to 15.3® C. The two pairs 
of cultures were placed in the same lelative position in the .soulliwest 
corner of the two grccrJiouscs. A thermometer was plunged near tlie 
center of the soil mass in one pot of each pair and another was suspeiulcd 
with its bulb about 15 cm. above and midway between the two jars. 
The readings of these instruments were recorded daily, usuulh- at about 
.j.^o ]). m. 

By occasional adjustment of the height of tlie water column connected 
with the irrigators the moisture contents of the soil in the several jars 
were increased and equalized. On January 14 the plane of soil moisture 
was 17.8 and 19.8 per cent in the cultures of (he colder house and 19 
and 20.3 per cent in those of the warmer one. These values approximate 
40 per cent of saturation. The ojilimum content of tliis soil for red 
clover under similar greenhouse conditions, but in large containers, has 
been found to be 50 jier cent of saluraiion. 

The plants were reduced in number by removing the poorer individuals 
from time to time. This process was discontinued on Kebnuir)^ lo, 
when 8 plants per jar remained. After the plants reached considerable 
size and drew moisture rapidly from the soil the latter conlrai'lcd, thus 
breaking contact with the irrigating cups. Tliis caused variations in tlie 
plane of soil moisture among the several cultures." 

During the growth period the humidity of the air and approximate 
degree of illumination in the two houses were compared by means of the. 
jsplicrical form of the white and black atmometers devised by Livingston 
(22, 2j, 24). Jn this case the water loss from the standard white ]ioruus 
clay instrument is employed a.s an index of the laoislure ilcficit of the 
atmosphere, while the added evaporation from the blackened sphere 
serves as a comparative measure of light intensity. 

The top.s of the plants were harvested when the seventh and eighth 
leaves were emerging from the stools. This occurred on March 29 and 
April 13 at the higher and lower temperature ranges, respectively. On 
tlie former date the soil moisture was 10.8 and 15.4 jicr cent in Ih.c cooler 
house and 7.8 and 9.6 per cent in the warmer one. The value in the 
former case decreased to 7 per cent at the time of harvesting. After 

* In viiw of Ihc rcjuUs 0/ Kidd and West (rj) rtlative to physiological prrdctc mins t ion, it would have 
L ien puiemble to tear the secdliug- at liie Unipeiatuns in which Uh pluiils utre to he reaivd. 

• An improved lormor jirigsior which corrects this difliiulty is dcscribtd by Livirgsten 
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drying at 100° C. the separate portions of tops were ground and sub- 
jected to chemical analysis by the official methods (42) commonly em- 
ployed. The acid-hydrolyzable material is computed as glucose from the 
reducing power of the extract obtained \\ith boiling 1.25 per cent HjSO 
in determining crude fiber. Table I contains the data of climatic measure- 
ments and Table II shows the composition of the plants in this test. 


Table I . — Climatic dala 0/ the environment of clover cultures 
SAME PERIOD AS OTHER CULTURES 
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Table II . — Compotilion of clover lops grown in diferent greenhouse environments 
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' Hydrolysij by boilin2 wth i.aj per ceot H?SO» for 0.$ hour. Results are m equivals nls ol glucose. 


Inspection of the climatic data shows that, with tlie exception of tlie 
maximal values which occurred toward the close of the experiment, a 
difference of about 5" C. was maintained in atmospheric temperatures. 
The average observed temperatures of the two houses approximated 
15” and 20.6° C, for the full period of growth in each case. For the period 
of lime when both pairs of cultures were growing simultaneouslv, the 
water loss from the white atmoinctcr was .^7 per cent greater in the 
wanner house than in the cooler one. This may be considered an index 
of tlie relative vajior pressure deficits of the atmosphere in the two cases, 
Apparently the relaUve liumidily was nearly equal in the two green- 
houses lor the same relative humidity in both cases would bear the same 
ratio to each other as the total vapor pressures at saturation, Thus, 
with the latter values fixed at 12.2 ram. for 15° and 18,2 mm. at 20.5^^ 
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C. the evaporation value for any relative humidity below 100 per cent 
would bear llie ratio 18.2:12.2 or i^jpiioo. Hence, c\'aporation should 
be 49 per cent greater at the higher temperature than at the lower one. 
In the case of the black atnionieters, which correspond more closely to 
plants than do the white ones as regards water loss when illuminated, 
\\t appears that the tendency to transpiration was about 31 per cent 
I greater in the warmer house tlian in the cooler one. As will appear 
I subsequently, tliis lesser difference of the black as compared witli the 
white instruments is probably due to greater duration of sunlight in tlie 
cooler house. 

Considering the increase of evaporation from the black atmometer 
over that from tlie white one as an index of the exposure to sunlight, it 
appears that the latter was appreciably greater in the cooler house 
than in tlie wanner one. Tliis difference is probably due to Llic fact 
tiiat the former house was on the western and the latter on the eastern 
side of a group of four parallel ranges of greenhouses. As a result, the 
cooler house received direct sunlight for a greater part of the dav than 
the warmer one. The atmometric data indicate tliat the solar radiation 
was about 44 per cent greater in the former case. 

The only significant difference in chemical composition between the 
plants grown at the two temperature ranges residesinthcacid-hydrolyzable 
carbohydrates or polysaccliarids. These compounds are included in the 
group of roughly defined liemicelliiloses. There is no overlapping of the 
values for individual cultures at the different temperalurcs in tins ease, 
and the average value of the reducing sugars formed is about 4 per cent 
greater at die lower tlian at the higher temperature- Thus, a combina- 
tion of relatively greater illumination, lower saturation deficit of the 
atmosphere, atid lower atmospheric temperature was accompanied by 
increased storage of carbohydrates in the clover jilant. 

nUCKWHE.AT (POLYGOMUM FAGOFYKUM) IN SOU. COLTURKS WITHIN CLI- 
M.\TIC CH.AMPRRS 

In view of the desirability 0/ conducting plant cultures with variation 
of only one. climatic factor, while limiting the others to as constant 
values as practicable, special chambers were constructed for this purjiose. 
These ivere placed in die southern end of the greenhouse previously used 
lor the higher temperature range. A section about 8 feet long at this 
?nd of the house was .separated from the main portion by a partition of 
irtifioial boarding. Tlic soutliern side of this partition was painted 
flossy white so as to reflect light into tlie climatic chambers whicli stood 
rlose by on the ends of die usual greenhouse lienches. It was necessary 
to exclude sunshine from the culture chambers, for the radiation effects 
otherwise produced were uncontrollable. Tor tJiis purpose curtains of 
bleached muslin were suspended from die ridge to the gutters of tlie 
greenhouse compartment and on die end of the house. These were 
Pii.'hcd aside on cloudy days. 

I'late 1 , A, shows the climatic chambers in operation, together with por- 
tions of the humidifiers. The general arrangement consisted of humidi- 
fying chambers in which the minimum possible temperature imparted 
to the conditioned air current was limited by the temperature of the 
water supply from Take lilendota. 

As used, the temperature of the water was raised by electric heaters 
^'ith thermostatic controls. On leaving die humidifier the air passed 
48107—23 2 
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through a cylindrical connection to the culture chamber. In this passage 
ks temperature was raised by electric heaters which were controlled by 
a thermostat placed within the latter charaljtr. By this treatment tlio 
relative humidity of the air was reduced toward tlie desired value. 

IlCMIDlPlERS 

The humidifiers were constructed from heavy galvanized iron sheeting 
after the plan of one described by Shamel (j//). At tlie higher tempera- 
ture 50 per cent greater length and capacity were provided than at the 
lower one. ];ach consisted of an upper tray 37.5 cm. wide and 5.6 cm 
deep, resting upon a chamber 30 cm. in both width and depth. The tray 
consisted of Iroughlike sections 5 ctn. in width and depth, so soldered 
together as to provide slits through which could be passed strips of 
toweling 30 cm. wide and 45 cm. long. The latter which were of coarse, 
open-meshed linen, were secured near one end to the bottom of the 
huinidifying chamber by means of iron rods passed through loops in the 
toweling. The other end was drawn firmly through the slit above and 
fastened with brass clips. In tJiis way one end of the toweling tvas 
bathed by water as it flowed through the tray and the other end was 
immersed iu the overflow as it rettirned over the bottom of the chamber 
below. Bailie jflates were arranged to direct the water and air currents 
completely in contact with the toweling. The water was heated by 
himimnis radiator units of either 250 or 500 watts capacity. These 
were placed in copper cylin<lcrs which were sealed concentrically within 
iron ones, the walcr flowing between the two. A mercury Ihcnrio- 
rcgulalor which controlled lliese heaters was iirimcrscd in the water 
current near the entrance to the tray. Passing to the chamber below 
by a drainage tube, the water escaped (0 tlic drain through a siphon, 
thus prcvcniiiig interference with its removal by the air currenl The 
latter was provided by a Nr». (X) Buffalo forge blower operated continu- 
ously l)y a small electric motor. Air entered the humidifier at one end 
through a circular orifice 9 cm. in diameter and escaped to a heating 
cylinder through a similar orifice near the other end of the chamber, 
Here it was further Iirated by oight’small cylindrical units of a capacity 
0/ 28 watts ciicli, operated by a bimetallic tliermostat suspended on the 
wall of the cullure chamber, in all ca.ses the thcrmrjstats were operated 
on 1 10 volts alternating current through pony relay instruments protected 
by ain])le resistance. 

Heat insulation of the humidifier was provided by a blanket formed by 
supporting thin asbestos sheeting in cheesecloth, With 12 towels in the 
installation for lower temperature, air which was passed through the hu- 
midifier from the surrounding greenhouse at a probable rate of air replace- 
ment in the culture chamber of at least once in 5 minutes acquired a 
relative humidity of practically 100 per cent at 12° C. In the other in- 
stallation, equipped willi 18 towels, the relative humidity was adjusted 
to about 90 per cent at 18® C. The temperature of the lake water em- 
ployed was about Ct° in midwinter. 

It was nc'cessary to supplement the healers of the humidifier at the 
higher temperature. This was done by coiling upon the water feed-pipe 
a scclion of resistance wire which gave approximately 500 watts con- 
tinuous .seiwice outside the insulation. Through the further action of 
the heaters in (he conduits connecting humidifiers with culture chambers, 
the conditioned air was delivered into the latter at about 17° C. and 70 
per cent relative humidity in one ca.se, and 22° and 78 per cent relative 
humidity in llie other. Thus there was approximated an atmospheric 
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temperature difference between Hie (wo chambers of 5°, wliile practicallv 
equal saturation deficits w'ere maintained in the two cases. A eompari- 
:son of saturation deficit with relative humiditv is jpven by bir ingston 
(ay). The necessary computations are as follows: 


1 

1 

Vapor pressure at rcl.nive 
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ViiiKir prtssure [ 
at sutuniii<Hi.' ^ 
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.‘^tiiraiioii *lct 
ivii <by liitLr- 


1 

W per teat. •;$ per r« iii 


i t. 

Mm. i 

Mm. 

.Mm. 

i 

j 22 

M- 53 1 

J 9 - 8 ; 

10. 17 

* 5-47 

4 - 3 ^ 
4 - 5 ^, 


‘ 'Iht values in this column arc itoin Kowle Cih 

As shown in Plate t , B, where the black spores are conspicuous, tlic towel- 
ing was badly affected by molds. .Addilion of copper sulphate to (lie 
water stream proved inellective after the organisms «.erc established. 
From the experience of Morse with the destruction of copper-ferrocyaiiid 
membranes by molds (2S. p. yjj) there would seem to be little hope of 
avciiding difficulty by impregnation ol the towciiug with insoluble com- 
fioimds of toxic elements. We. are therefore substitmiiig siirav nozzles 
for humidification in future operation. 

1L1.UMIN’AT10N 

Guided by exposure tests with pliotogrnphic paper, addilknial sliarling 
was provided for tlie more westerly i hanilxT, so as to equalize the solar 
radiation received by the two series of cultures, as iiidicutcd b}' the water 
losses from the black almomelers. The diminution of light intensity 
incident to the necessary shading of the ehauibcrs was partially com- 
pensated by placing a .soo-watt, Mazda C, electric lamp over each, 
'flu'se were sufficiently distant to av<'id serious heating ejfccts and tlic 
light was concentrated nj^on the jilanls l)y conical retlociors. Tliev •■.vere 
ofierated daily from about 5.30 p. in. to 9, 30 p. m. and ihroughoiit 
clwudy days. Typical measurements of light intensity at the aj^jiroxi- 
maie Jevcl of the culture jars were obtained with a photumeicr. 'fhese 
appear in Tank III. 

T.'iiii.li III. — Plioioinctric Ldlues nj light uilcmUy in foot candles 
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The beneficial effect of the artificial illuniination was apparent in the 
growth response of the plants. Distinct etiolation of the latter became 
evident during early groAvlli and before the lamps were installed. 

With reference to the efficiency of the climatic apparatus as a whole, 
in view of the lack of refrigeration and other limitations it would be 
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manifestly unjustifiable to expect rigid control of atmospheric conditions ^ 
fiy this installation. It was anticipated, however, that difference of evap- 
oration could ht restricted while maintaining a fairly constant tempera- 
ture difference between tlie two culture chambers. It was evident that 
the plane of temperature in both chambers must be allowed to rise 
gradually as the season advanced into spring and the temperature of the 
lake water increased. 

CULTURE CHAMBERS 

The culture chamlrers were constructed from cypress 3 cm. tliick in 
the form of four-paned window sashes as to sides and top. The sashes 
were set with glass of single thickness on both sides, thus providing heat 
insulation by an air space i cm. deep. The effective size of panes was 
36.3 cm. square. Extra width of the bottom bars of the side sashes pro- 
vided for isolatitm of a subchainl)er 10 cm. rleep. Both floor and ceiling 
of tiiis compartment were of 2 cm. pine boarding mortised to the sash 
bases. The cnllnrc chamlx^r proper llius took the form of a cube with 
inside depth of 85.5 cm. It was painted glossy white throughout to 
promote reflection of light and heat. 

A circular rotating fable was provided in each chamber so as to facilitate 
uniform exposure of all cultures to varying degrees of temperature, 
humidity, and illumination. This was borne by a circular base of cast 
iron. 31.3 cm. in diameter, and projected upward in the form of a trun- 
cated cone. The base rested upon the bottom of the su])chHmber and 
its conical projection bore upon a ball bearing a cylindrical steel post 
2 cm, in (li.imeter and 10 cm. high. The latter w'as tlius protruded 
through a central hole at the bottom of the culture chamber sufficiently 
to bear the roUiting table. To it was fixed in the su{)chamber a wooden 
slieave 21.3 cm. in diameter and 2.5 cm. thick, by means of a central iron 
ring with set screw. The sheave was grooved for a small belt which 
jiasscd ilirough holes in the chamber wall to a reducing gear and motor 
ouisidc. The table was composed of three pieces of cypress 2 cm. tliick 
glued logciher to fonn a circular piece 75 cm. in diameter. It rested 
ujTon (lie supporting post through a centrally placed iron socket. Despite 
tiioroijgli jiainting it warped badly after some time, To avoid warping 
under tiiesc trying conditions, metal has been substituted for the wood. 

One side of ilic cljamber was supjiorted upon hinges to allow access 
to ))oih table and slieave. The coiKlitione<l air was conveyed from the 
heating cylinder outside to an opening beneath Uie edge of the rotating 
talile !iy an extension of the sheet-iron cylindei’ projected diagonally 
upward on one side of the subchamber and converted to oval form as it 
opened into the culture chamber. To facilitate even distrilmtion of the 
air ujiward, it was reflected beneath the rotating tabic by an arc of gal- 
\ani/cd'iron sheeting erected close to the rim of tlie table from the base 
ol the chamber. In addition, iron flanges were suspended radially at 
intervals from the bottom of the table. Air escaped from the chamber 
by u varies of holes through the upper bars of the window sashes, whose 
tola! area was about 70 per cent greater than that of the intake. 

SOIL CULTURES 

(•ii I'cbruary 25, 1920, buckwheat seeds selected for uniformity of size 
from a Japanese variety wre planted in 3.5 kgm. portions of Miami silt 
loam in earthenware jars (one-half gallon crocks). The soil was watered 
to 23 per cent of saturation, covered with paraflined paper, and placed 
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on the rotating tables. Each table bore six culture jars, a thermograph, 
a hygrograph, one white atmometcr and one black one. The period oi 
rotation was 40 seconds. 

The seedlings appeared and were uncovered in 3 days at the higher 
temperature and one-haU day later at the lower one. Thereafter the 
soils were brought to equal moisture content by weighing daily, On 
March 3 tlte number of plants per jar was reduced to 3 at the’ higher 
temperature, and a similar reduction was made at the lower temperature 
ion March 5. On the latter date the plane of soil moisture was increased 
'to 40 per cent of saturation. It wa.s further increased to 3<» per cent on 
March 19, and later reduced by two equal steps, on April 14 and to 
30 per cent. In the course of development aerial roots and red pig- 
mentation appeared freely on the base of the steins for some distance 
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I'to. T.— Rfhtivc evapofaiion (black atmometers) and relative solar radiation (ratio of evaporation 
btivu'.'uLL'jck and while atinometers). Climatic chambers, 1920. 

above the soil. These features were especially prominent at the liigher 
temperature. 

On Marcli 27, buds were unfolding at the higher tenij|>eralure, although 
they were just appearing at the lower one. Several seeds had turned 
brown at the higher temperature on April 27, while those of the other 
cultures were slill green. Photographs were taken on April 30. On 
l^Iay 10, the plants were han'csted and separated into parts, as follows: 
leaf blades, petioles and stems, and seeds. These were dried at i(X)° C. 
and ground line for chemical analyvsis. Tiic data of climalic nieasnre- 
tneiits and plant composition appear in Tables IV and V, w'hile Plate 
2, A, shows the appearance of the plants. Plate 3 shows the thermo- 
graph and hygrograpli records. These are given for one week only, 
as it is hardly feasible to reproduce them in full. The graphs of figure i 
are constructed from the atJiioniclric data. 
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Inspection of the climatic data shows that while the absolute extremes 
of temperature varied much more at the higher range than at the lower 
one, the daily average temperature v^aried only 4.5° in the former case 
and 3° in the latter. On the average, a difference of about 5.3* C. was 
maintained fairly continuously between the two chambers. The total 
evafx^ration during the growth of the cultures, as measured by the black 
almoinelers, was only 6.5 per cent greater at the higher temperature 
than at the lower one. As measured by the white atmometers the 
diJTerenee of evajjoration was 7.2 per cent. Had the mass of water 
remained thosamc at the former average temperature of 22.8*^ C. as at 
the latter average of 17.5® C, with the relative humidity at 70 per cent 
ill the latter case, the saturation deficits would have been jo.32 mm. 
and 4.50 mm., respectively. Thus, if uncontrolled, the evaporation 
would have been 129 per cent greater at the higher than at the lower 
teiuj)cruti!re. The normal tendency for difference in evaporation with 
uniform water supply was therefore greatly reduced in this experiment, 
As indicated by the ratio of water loss l)etween the black and the white 
atuHimetcrs. the intensity of solar radiation was nearly the same in the 
two culture chambers. 
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‘ As regards the yield of diy^ matter, when allowance is made for the 
loss of one plant at the lo\A‘er temperature it is apparent that this factor 
^vas virtually constant at the different temperatures. That such cor- 
rection should not be proportionate to the loss of plants in ]>roportion 
to soil space Is indicated by the work of Stewart (,7). It should be noted 
that the discrepancy in numbers of seeds will be greatly reduced when 
:one adds to those matured others involved in immature broken ])Or- 
tions of the cultures. As the data stand, the weight per seed was some- 
what greater at the lower temperature. In view of the conditions just 
mencioned, this difference can hardly l>e considered important, because 
of the lessened competition for nutrients as compared with the cultures 
bearing more mature seeds. 

The plants grown at the lower temperature had a higher percentage 
mf drv matter than the others, especially in the stems. The ether ex- 
tract 'vas more abundant j>erccntagciy in the leaves of plants grown at 
the higher tomperaturo. This agrees trith the deeper green color devel- 
oped in this case, and is indicative of a relatively high chlorophyll con- 
tent, The difference extended to the stems to a lesser 'degree, but dis- 
appeared in the seed, where the extract would be limiUxl }arg<dy to true 
fats, A determination of the iodin numbers of the two fatly extracts 
of the seeds gave 55 per cent for the higher temperature culture.^ and 
39.6 per cent for tlie others. However, the aniomU of material for 
analvsi.s was loo small to peiinit placing of emphasis upon these results. 

Poly.saccharids were more abundant tliroughout the plant in the cul- 
tures grown at the lower teniperufnre, l)iit the difference was somewhat 
less nith the leaves than other tissues. In this connection, llie :vork of 
Spochr (,?6) should be noted. lie found tliat with the approacli of the 
dry season the cactus increased in j)eiUosan content. The change was 
ascribed to a regulative jncchanisin for retention of water through pro- 
duction of polysaccharids of high capacity for hydration. Spoclir also 
concluded that a relatively high temperature (28^ C.) produced tlie same 
effect, but his data are not so convincing as in the case of humidity 
C'lTocls. In an iinesligation of frozen pepj^ermint. Rabak (jo) found 
evidence of increased esterihcatioii of menthol. A similar result was 
obtained by drying the plant tissue. Here, an extrcinc removal of 
water from liquid condition in the plant cells seems to have caused rever- 
sion of the familiar enzymic process of hydrolysis. It may well be 
questioned whether a similar effect would be likely to occur at tempera- 
tures much above freezing, but by hardening treatment with tempera- 
tures approaching freezing, Rosa (jj) induced an increase of pentosan 
in certain plants. 

It appears possible that the increase of polysaccharids observed in 
plains exposed to low temperature may l^ear some rclali(m to disturbed 
equilibrium in the hydrolysis of these compounds. There are other 
possibilities, however, which should not Ixi overlooked. One of these 
is the possible difference in net temperature coefficients for the synthesis 
of polysaccharids and of proteins in the plant. Another, and one rather 
more plausible than the others, is the possibility of limitation of poly- 
saccharid storage due to consumption of sugars by increased respiration 
at liigher temperature.^. In this case tlie tissues would be expected to 
become richer in nitrogen, as is found by analysis. 

the cxcejition of the seed, tlie nitrogen content of the several 
tissues of these buckwheat plants varied inversely as the polysaccharid 
content, but, even when expressed as equivalents of protein, they do 
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not compensate the variations of carbohydrates. In these cultures the 
modifying elTect of varying temperature lias been relatively free from 
disturbance by variations of cither solar radiation or atmospheric 
hurnifliiv- Under these conditions an increase in polysaccharids has 
attended a decline of temperature value. 

WATER CUETL-Rt'S 

Water cultures of buckwheat were conducted for a time parallel to 
the jwogress of the cultures just described- Seeds from the source 
previously used were susjxinded upon Shive’s best solution for early 
growth of Ibis plant, diluted to one-tenth the usual concentration. A 
grotij) of seedlings were started in this manner in each chamber on 
-Ifarch 15. Three seedlings were set up in each of four culture jars at 
the higher lemix'rature on March 22, still employing onc-lenth the 
usual conccTilralion of Sliive’s solution. Two days later the seedlings 
were large cnfuigli at the lower teni^)eraturc to be similarly transferred. 
At this lime all of the niilricni solutions were made up to the usual 
concentration. On April 7, the third leaf was appearing in plants at 
the higher temperature, while the second leaf tvas ju.st appearing in the 
other case. 'Hie leaves were greener and bases of the stems redder in 
the former case. JUuls ai)peared on April 15 at the lower temperature 
and two days later at the higlicr one. On April 21, the solutions were 
changed to Shive’s best prnjwrlioiis of salts for tlic last period of growth 
(.Vi). The plants were harvested on April 2O. At this lime curling of 
the leaves and other indications of abnormal growth were becoming 
coiisjhcuous, csix:cially at the lower leini)crature. Only seven plants 
aiipcareil rcastmably noriuttl in the latter case, and hence the. seven 
best plants were si‘lectcd from each series. The data of yield and com- 
pi>iilioii a])pear in Table VI. 

Will) llie exccptiiin of the length tif the tops, the physical measiire- 
tiienls show little diricri'nce in tlie effect of the two temperature ranges 
upon the ilcvclopment of liic plants. The slight difference in poly- 
s;u\ liarid content varies in the same direction as with the soil cultures— 
itial is, it was greatest at the lower temperature. 

UI'CKWIIKAT in sand CL'ETt'RES WITHIN CrjW.CTIC CHAMBERS 

Huckwheat was grown in sand cultures in the clfinatic chambers in 
1921, Tills was lor the purpose of avoiding possible modifying effects 
of teinpcraliirc upon the fertility of soil, through action upon the. soil 
orgamsnis and in other ways. Whlh the exception of using sand in 
place ()1 soil and jilanting about two weeks later in the year, tlic experi- 
ment was condncLcd in essentially the same manner a.s the preceding one. 

Tabu: \ I.- <.,fo-.dh m(aiutcminU (jn<f composilion of buckuhmt sealer cuUutcs of 
climatic chambas in igso 


Oiiiiposition of dry 
. , matta. 

\\ cieht 

i)f dry 

tnjurr.' Klhcr Polysac- 
(..xtniil, chaiid^;.* 


tcinperal'.iro riintr. 


Miixitmiin JIaxiiiiiiin 
cl length of 
t>ips. nnits. 


Hitih 

I.ow 



o. 7> 
. S> i 


4.4 24.7 

4.6 25.4 


; Ti.! .:1 HviKlit«. inflmlins:<li<, iinlcii iil.im 
• Ry vn-h 4 P« uiil KCl hiairs ; 


;gni. ill liigli temperature and 1,19 grn, ut low temperature, 
xtrai-ticu vl and dcxirins. 
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i The sand was a mixture of 1 kgm. 100 mesh and 2 kgm 50 mesh 
angular grams of quartz for each culture jar. It was rciulered free of 
nutrients by extraction with hot 20 per cent UNO, and tlioroiigli wash- 
ing, lollowcd by leaching with lime water. 'Hie mixture had a water 
holding capacity of 42 per cent. 

After standing in the climatic chambers a sufficient period to insure 
temperature equilibrium, the 12 jars of sand were planted on .March 12 
and watered to the extent of 10 per cent of the sand by weight Radi- 
cles appeared above the sand on March 14, at the higher temperature 
and one day later in the other case. On the latter date the covers 
were removed and there were added 0.2 gm. MgS0,.7H,0 niid o 4 gm 
KXOj per jar, in solution. ' ° 

The water plane of the sand was raised to 13.5 |)cr cent on .March 17. 
Et .Miuch 21, higher percentage and vigor of germination were app, Trent 
at the lower temperature. On April 2, 16 of the rS plants in this case 
were expanding the first true leaves, while only S plants had reached 
this stage at the higher temperatinc. A further addition of nutrients 
was applied per jar on April 4 as follows: o.i gm, MgS(\.7H,0, 0.2 
gm. K.N'Oj, and o.oi gm. ierric citrate, 'i'he newer leaves were iialc 
green at this time, and noticcatily mottled at the higher tempcraUire. 
On .April S, the moisture plane of the sand was raised to 17 per cent. 

Buds appeared in both series of cultures on ,A|)ril 14, hnt they were 
more numerous at the higher tem|X!rature. On this date each jar re- 
ceived the following nutriciil.s: 0,3 gm. MgS(),.7H.O and o.O gm, K.NO,. 
The final application of salts per jar was made on April 25, as follows' 
afi gnu MgS0j.7H,0,p.2 gm. KN’O,. 0.39 gm. Ca (XO-J-.^HA), 0.073 gm.' 
KH,1 0 ,, 0,075 gttt. N'aCI, and 0.015 gni. ferric citrate. At this lime the 
plants at the lower temperature were uniform in size, while the other 
scries was irregular in this respect. On April 29, the water supply ivas 
raised to 20 per cent of the sand, or about optimal for the plants. 

Conspicuous differences in the reproductive phase of growth soon 
appeared. Thus on May 2 all of the plants at the lower temperature 
were in full bloom, while only a few plants were in bloom at the Iiigher 
temperature. Thickening of the stems was rather prominent in the 
latter case. On May 6 several seeds were developed to considerable 
size at the lower teniperaturc, while only' one seed had appeared at the 
1 higher temperature by May 10. 

: -After taking photo.graphs on ^lay’ 16, the cultures were harvested. 
Plants with only two true leaves or decidedly pale in leaf color were 
rejected. There remained 16 plants at the lower temperature and 13 
at the higlicr. These were separated into leaves and stems, excluding 
the seed parts. The data of climatic factors and chemical analysis arc 
aioycmblcd in Tables VII and ATII. The appearance of tlic jdants is 
Mioun in Plate 2, B, while Plate 4 shows a portion of the climatic records, 
biaphs constructed from the atiiiomctric data appear in figure 2. 

Comparison of the climatic data of this experiincnL with that of 1920 
'vas less satisfactory in the present case. This is to be ascribed largely 
to less effective functioning of the humidifiers, due to deterioration of 
the toweling. In future development of the apparatus huniidilicalicjn 
will be accomplished by means of spray nozzles. The variation of the 
Jower temperature range here was greater than that of the upper range, 
nhiie the reverse was true in the earlier experiment. As a general 
average, the temperature was maintained a( about 5^C. between the 
temperature planes here, but tlie average planes of operation were about 
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2..5° higher than in the earlier experiments. The attempt to cheek 
evaporation at the higher temperature was overdone, so that evapora- 
tion, as measured by the black atmometer, was lo per cent less than at 
the lower teiTipcrature. The ratio of water losses from the black and 




i. -IMutivi- lA'.-iiMifatioii .l>la(k nliTi<ini(-(crs) atiU relative radialioii <raiio <>i evaporation 
b iwan lilaik .nid white aiiiif/ravicr>j. CUtnatkehambirs, 


white atnionictcTs indicale practically equal ilhiniination in tlie two 
culture chambers. 


T.mjlI; VII.— rVjwfl/ic raonh of plant chambers in experiment of 7Q2i 




Absolute 

nmiiiiuj'i 

ivmpvni- 


-.r-- : 


Daily 

.nveiage 

niinhmim 

tempera- 

tiiri:. 


1‘r.lal 
' evapora. 
lion 

bUruhtid 

Ijliifk 

iatmoiiieter. 


Ratio oi 
evapora- 
tion black, 
tvhitc 

iitmomoter. 


High 

Ia)w 


‘c. \ -r. 

34. 0 28. 2 

30-0! 233 


■c. -c. 

18. 5 23. 2 

£4- 0 • ' 16.9 


c,. 

610 1,085 

678 1. 085 


Table VIII. — Yield and f£)»n/>on 7 ww of buc^'heat, sand culiures of dimatic chambers 
in ig 2 i 


Ratine <>l ■emperalurc 
iiljilv iiveiajje). 


°c. 

23 7 tl» 2S.2 . 
16.9 to 23.3. .. 


j Composition Ilf ilr>’ II 


her of 
seeds 
at 


lilhcr extract. 


I'olysarcha- 

Insoluble 

rids.* 

nitrogen.* 


csl. ' 

■ Leaf. 

.Stem. 

— 

r.eaf. 

Stem. 

Leaf 

Sum, Leaf. 

Stem. 

• 6”i. 

dm. 

Per cl. 

Per ct. Per ct. 

Per c.{. • Per ct. 

Per cl. 

0 ; 0. 47 

0 . 66 

6.6 

4 - 5 18- 3 

14 8 : 2. 3 

0. 7 

6 • ,50 

• 79 

7- 1 

41 

17.9 

19. 6 2, s 

.8 


T^iitixH pljmlsat liijjh tcmpcraliire. 16 at low tempcratiin'. 

lifirrmincd by btaline with 4 percent HiSOt tor a.c hours after rxiraitkni u! sugars and dextrins. 
Determined on the residue from arid liydfolvHs with onc-half the acid extrac-t added. 
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When the relative numbers of plants selected are cxmsidcred, it appears 
hat tlie development of dry matter in the leaves was appreciably lower 
|at the lower temperature. The generally greater development of height 
plants at the higher temperature is shown in Plate 2, B. Only well- 
bUled and apparently nonnal seeds are considered in the data. On this 
^asis there was a marked deficiency of tlie reproductive function at the 
piighcr temperature. This merits attention in coimceLion with the 
Icliemical compositif)n of the plants. With regard to the latter factor, the 
lonly distinct difference is in the polysaccharid content of the stems. ' In 
[tins respect the experiment agrees with tlie one conducted upon soil in 
ri920, in that the plants grown at the lower temperature contained about 
per cent more of this constituent. It seems desirable to suggest that, 
Hn connection witli the limited general development of these cultures, 
ithose at the liigher temperature may have been unfruitful because of an 
^unfavorable balance between nitrogen and carbohydrate content, accord- 
ing to tlie conclusions of Kraus and Kraybill {16). 


I SUMMARY 

(1) A brief digest of the literature has shown variations of form and 
; composition of plants in response to variations of climatic factors. In 
certain cases the decrease of tcnqieraturc ujipears to liave been specifically 
associated with increase of polysaccharids in the jilants. The impor- 
tance of these relations to problems in plivsiology is mentioned. 

(2) Red clover {Trifolium praeknsi') grown in two greenhouses at 15® 
and 20.6° C. average temperature.s, with constant soil water supply, but 
with 47 per cent excess of evaporation at tlic higher temperature and 44 
per cent excess of solar radiation at the lower one, contained about 4 per 
cent more of polysaccharids in the tops of the plants grown at the lower 
temperature than In the other case. The crude protein content of the 
plants was least at the lower temperature, but not in projjorlion to the 
difference of polysaccharids. 

(3) Chambers for the control of atmospheric temperature and humidity 
are described. 

(4) Buckwheat (Polygonum fagopyrum) grown in soil cultures with a 
uniform supply of soil moisture at average atmospheric temperatures 
of 17,5*^ and 22.8'^ C., udth evaporation 7.2 per cent greater at the higher 
temperature than at the lower one and with the reinforced solar radiation 
3.6 per cent greater in the latter case, contained 5.8 per cent more starch 
in the seeds and 5.2 per cent more poh^saccharids in the stems at the 
lower, as compared with the higher, Lcin{)eratHre. The nitrogen con- 
tents of the stems and leaves varied inversely as the polysaccliarid con- 
tents, but not proportionately so. 

(5) Buckwheat (Polygonum fagopyrum) grown in sand cultures with 
uniform supplies of water and nutrient salts at average atmospheric 
temperatures of 20. and 25.7° C., with evaporation 10 per cent less at 
the higher temperature than at tlic lower one, and with reinforced solar 
radiation equal in the two cases, contained 4.8 per cent more polysaccha- 
rids in the stems at the lower temperature than at the higlier one. The 
plants growm at the higher temperature produced no seeds of normal 
appearance. 

(6) From the results herein presented, it appears that independent of 
Us indirect effects through modifying tlie soil and independent of certain 
variations of atmospheric humidity and total magnitude of exposure to 
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solar radiation, atmospheric temperature modifies the percentage of 
polysaccharids in tissues of the plants here tested. 

(7) Suggestions are offered as to the possible mechanisms by which 
the tem{)crature effect here observed may be consummated. 
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PLATE I 

A. Climatic rliainlicrs in operation. 

a. Water supply to liuiniilitier. 

Ij. Heal injt units of hntnulificr- 

c. Mercury Ihermostal o* luimidificr. 

ri. IJimetaiUc thcrmiKt.U of culture chamivr. 

c. .^^mol^ctcron njtatin.s; table. 

f. Hyjjroijrapli iuul ilicrirh>jraph on rotalin){ table. 

R. Air conduit with gate. 

li. Motor and reducing gears belted to rotating tables, 
i. lilcdric lamps, 

B, Ilmuidificr 

a. Asbestos l)l;mk*’t. 

h. Ttiwcling, slio'viiig brass clips in tray above. 

c. Concentric evlhiiler to contain beating units for water supjdy . 

d. loin supplying air. 

f . Front llaugos directing air current, 
f. I'iscape to drain. 







PLATl; 2 


—Cultures of ’oiu-kwlirnt on soil in olinutic chaniljers in roi’o. 
Six left hand cultures at louvr Temperature. 

Six rii;lit-haiid tiilliires at lii^lier tcinj)erattire, 

— CulUircsof Imekuheut ou wml in climatic ehaiiibera in i(j2i. 
Six lefL-liaiul cultures at lower teinpiTuturc. 

Six riglit-hand cultures at higher teniperuiure. 



PUTK .1 

A.- Clinrilic records, low temperature chamber, week beginning A])ril 2, 1920. 
Climatic records, liigh tertipcraturc cIkiihIkt, week beginning April 2, 1920. 





PLATU 4 

A. -- Cliiuiitic recoils, low tcinpcraliirc clintrlicr, week bcsiiiniii)' Murcli yO, 

B. Cliiiiiitie rccortls, higli t<-inpi*raturK cliamlnT, week bi-^inniiig March 2<>, u/.'i, 




PLATYGASTER VERNALIS MYERS, AN IMPORTANT 
PARASITE OF THE HESSIAN FLY' 

By Charles C. 

Scienfifit Assistaril, Cerral nnd Foraje Insect InicftiQalions, Bumui of Entomology, 
Vnited Stales Dipartment of AqrkuUurc 

IXTRODUCTION 

In the fall of 1914, \V. R. McCoimdl and P. R. Mvers inidcrtiR>k an 
exhaustive study of the Hessian hy [Flnfopliaiia ihslrudor Say) at 
lia.cerstou'Ti, Hcl., with particular reference to its parasites. .Since that 
’tiiue more or less consecutive records have heen k<pi of the (•ciiu!ci;cc 
bf one of these parasites, Phiy^giiskr ivrnalis Myers.' tliroii:.;houl the 
Eastern vlicat-growin" region. In 1917 the lahorntoiy at Hagcistr)\\ii 
it\ as iransi'erred to Carlisle, Pa-, and in this year llic writer joined in the 
investigations, Huring the course of llicsc studies P. irnuUis was hrst 
-jfecognized and descril.^ed by Mr. Myers,' but this parasite was tiol studied 
intensively until 1918, when tlie writer undertook to discover ihc details 
■Cf if.s life lustory. This work, with many iiUernijilion.s. has conlinucd 
to date. The present paper sniniruirizes the data collected on this 
•:j)arasite since 1914. 

KCONO.MIC JMPOKTA.NCi; 

Itoiu ifie standpoint of economic imporlaucc Platyiga.sUr i-rrualis 
stands first among the many species of parasites that nomially attack 
the tpring generation of the Hessian fly in the Middle Atlantic .Stales. 
^Percentages worked out for various species of Hessian fly parasites have 
.shown that P. 'vernalis is more efTcctivc than any ot}:er s]>ccics attael- 
iijg the spring generation of the fly in this region. 

.Table \ —Percentage of Hessian flies killed by Plulygasler vcrnalis for flic years to 
- jgao, inclusive, togelker u-iik the total fnij'aria exaniineti in order lo obloin these data, 
'uiih the average and total for the entire period 


. 

Pr-rcpiitage 
killed hy 

NuiiiliCr of 
puparia cx- j 

1 


aniiiicd. ^ 

1 rot- 

40.10 

15-53 

2 , 5 S 2 

2 . 285 

1 i<»i6 

: 1917 

! igiS 

15/3 

2,143 

19.90 

6.930 

1919 

24. 6S 

2.297 

! 1920 

27-34 

2.419 

’ Average 

23- *9 

18,656 


■ .y'l ppted for pubticalicpu Auc. 15, 1977. 
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An average of 23.89 per cent of the spring generation of the host 
{Ic'Stroyed annually by Platygasicr venialis tliroiigliout tliis territorv 
This btatcineiil is based on the examination of 18,636 puparia collceu 
during a period of six years (1915 to 1920, inclusive) from 39 v, 
separated localities ranging from Montoursville, Pa., on the nortli, ; 
vS(aunt<jn, Va., on the south. Table I gives the percentage for each r 
these years and the average for tlic period. 


DISTRIBUno.V 

Platygastcr vcrnalis has been found throughout the eastern wheai 
growing region as far north as 43® 33' and as far south as 37® 50' iiort; 
latitude. Considerable material collected at Evans Mills 'and Theresia 
A. Y. (a little nortli of the forty-fourth parallel), revealed no vernal'.- 
present. Ko abundance of verndis was found farther south than Statin’ 
ton, Va., a short distani-e north of t/ic thirty-eighth parallel. Th'h 
sj^iccics was not found in material collected at Lexington, Va., about y 
miles southwest oi Staunton, but one specimen was reared {rom matevid 
at Buchanan, about 20 miles southwest of Lexington, latitude 
37° SO - In the .Middle West P. vernaHs lias been found in abundance a: 
V'anatah, Jnd., and records have been made of its occurrence at Niles 
.Mich.. Strongville, Wooster, Troy, and Columbus, Ohio, and Charlcs' 
ton, Mo. 

THE EGG 

fhe egg is highly refractive, claviform in shape, and before ovipositior 
measures alioul 0.07 millimelcr long by o.oiG millimeter wide. (P! 
I, A, I).) A minute projecting piece of meinbrane may sometimes lx 
found at tlie swollen c.xtrcuiity. Immediately after oviposition the 
main body of the egg (p|. i, p) |s usually found dilated to about twice 
the wuldi nicnlitmed.^ Plate i, A, shows a camera-Iucida sketch of o: 
egg freshly removed from the ovary, and Plate i, B, represents an egi’ 
immediately after it was oviposited into the host egg. 

1 lie egg never develops except in the midintestine, of the host. Siir^ 
Toimded by the ohi'le of the stoiiiacb. it is tossed about by peristalti', 
action. ^ I’lnte i, C, shows a Hessian fly larva in longitudinal sectio: 
wil 1 a single vmuilh egg about 22 ilavs old submerged in the chyle in tlii 
imdmic.stinc. ■' 

I he germ cell of the egg, instead of developing as a single embryo, as i‘ 
the case with most insects, give.s rise to several emhrvos. The nutritive 
p asiii a.so develops p'rocociouslv. Plate i, I), shows a parasite bod;, 
a loul II days old in .sagittal section with four embryos in the blastu!- 
stage 01 development. Paranuclear masses may ^be seen scattcrc: 
irri'giilarly about in the surrounding plasm. Plate i , E, shows a parasP. 
bo( y eontainmg eight embryos that are much further advanced. Ead 
embryo is surrounded by an individual membrane and tlie surroundiii; 

Y,"' .?^’l‘^tinoiis ill consislcriey. Paranuclear masses are still presem 

1 lie illustration shows the entire mass somewhat flattened out, In ih 
nosi s stomach if lends to assume a spherical shape, but its plastic nature 
permits it to be compressed into various shapes by the peristaltic action 

! lie number of embryos found to develop from a single cee ran^e^ 
Irom j lo 12. 6 66 o 


bwiT'tuken Imm n h J I’V caiiiera Incitla immcduicly after the embryonic mass li- 

subH ii n cT.i embSonic mass --• 
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^ THE PRDIAKV LARVA 

^ In i;enenil outline the primary larva (PI. 2, A) is clon-ate oval, with 
Inglh of body about three limes its width and with a verv slight ta]icr 
&>war(l tlie caudal end. Both extremities arc bluntlv roundc<]. and 
lefore the larva lias become very much inflated witli IoikI a brt>ad, deep 
^nstriedon is evident on each side slightly posterior to the mouth, 
iTiis constricted afipearance is due to the greatly enlarged and projecting 
bases of the mandibles. 

^ The mandible (PI 2 , B) is iioticeaMy long, lieiiig a lillle over ono-lhird 
fte ividth of the head. Measurements of single matidihles from four 
fervK show an average length of 0.073 milliinetcr. 'I'lie mandible is 
fide at the base but tapers to a sharp extremity, witli the distal third 
flightly curved. Several long, closely adhering spines an* discernible 
pong the curved portion and at tlic extremity. The entire mandilile i.s 
iearly colorless and comparatively fragile. The moutli consists of a 
transverse aperture, capable of being opened and closed bv motion 
^ the superior lip. 

1 'I'he larva is usually suniciently transparent to disclose under proper 
ffiagnitication certain outstnnding features of the inicrnal anatomy, such 
fts the cells of the stomach wall and c|)i(lieluun. Some of the cVilular 
itructures of the internal anatomy, including the sioiiiacli wall and 
proctodacum, arc illustrated in Plate 2, A. The details of cell structure 
were taken from microtomic sections. 

• When the larva has developed sufficiently to feed, a movement of the 
tibriim begins, thus producing a suction whereby the siirrounditig liquids 
or adjacent tender tissues arc ingested. After freeing itself from the 
surrounding embryonic mass the larva fust iminbes tlic green chyle from 
tfu’ host’s stomach and soon ingests particles of the stomach wail itself. 
V\'hile it may possibly secrete juices which have a softening (MYet'f on 
guiTounding tissues, nevertheless umlissolved particles of iiost tissue 
wiihin the stf'inach of the parasite have I)cca dearly seen, and in one 
case part of the stomach tissues of the host was observed protruding 
from the parasite’s mouth. 

l're([uently the number of young larvx found in a single host much 
excectl the number that ever reach maturitv. Single ho:,ts luiNe been 
found to contain 21, 27, 32, 34, and 40 young larvae In several insfnnee:-; 
I or of such larva? were found in a stunted coiifUlioii while the others in 
the same host were normal. In one host a single dead larva was flis- 
Cevered, while the others appeared normal and heaUhv. Iii another ease 
5 I'iariialiy developed young larvce (2 of these cxceplionallv largo ones), 
and 4 verv- small, poorly developed ones were found. At times all the 
young larvae were found dead within the host. Where this oeeurred (he 
cause frequently was found to be hyperparasitism by undetermined 
Clialcidoids. 

THE MATURE LARVA 

The mature larva (the lateral aspect of which is shown in PI. 2, C) is 
ibout I millimeter long bv 0.3 millimeter tliick. It is white, ovoid, bare 

seiay and with ti clearly defined body segments. Spiracles are. present, 
^n the second and third tlioracic segments and second abdominal segment 
Mih'. In the first abdominal segment, instead of an external .spiracle, a 
large discoidal body occurs under the cuticle at the tenninus of tlie 
ateral tracheal branch of this segment. The mouth (PI. 2, D) is u small 
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transverse orifice, when closed appearing as a somewhat crescent-shape;! 
slii and when open forming an oval-shaped aperture. In the process o- 
feeding, the superior lip is moved toward and away from the inferior lip bv 
strong radiating muscles. The inferior lip is slightly thickened alon^ 
its rim. On each side slightly posterior to the mouth is a small, 6 \>. 
tincllv curved mandible. (PI. 2, K.) The mandibles are widely sepa. 
rated from each other, distinctly chitinized, and less than half the 
l(-ngf!)of themandil)Ieof the primary larva. The average length of loman- 
dible-) from 10 mature Jarvic was found to be ci.03 millimeter. Slightlv 
eaiidail of the mandibles is a pair of fahiliy cliilinized maxillai (PI, 2, F , 
wliich arc rallier broad at the bxse and taper slightly to a blimt point, 
TIk* ma.xilhc are slightly longer limn the mandibles, with the inner side 
a little sliorler than the outer. 

Imring this stage of the ])arasilc, tlie remainder of the host is cousumesJ 
as far a,> tlie cuticula, wliich is left to inclose the cocoons that subse- 
(|ii('nt]v arc forincd. 

Till- COCOO.V 

Tlie cocoon (PI. A) is broadly ellipsoidal and of a llcxilile, smooth, 
shiny, yellowish brown con.sislcncy. Tlie cuticula of the host is left 
intact, iml adheres so tighllv to the cocoons as to appear as part of them 
and (ioiiblless serves as a protection to them. lu Plate 3, A, the external 
S])Utnluof llic host may Ix' seen adhering at one extremity. From 3 to 
such cocoons liave Ik-cii found in single hosts, aiiii the examination of loo 
hosts showed an average of 7.91 cocoons {>cr host. Tlie host invariably 
formed its lirown piiparium cu-se before being killed liy the larvie of P/o/y 
gu.i/<r rmuilis, thus providing the Ijibernating parasites an additional 
jirotcction. 

Tin; 

The pupa (PI. 3, 11 ), when first formed within the cocoon, is white, but 
the compound eyes soon darken and gradually the entire body turns a 
shiny black witii the exception of the thin integument between the 
abdominal plates, 'flic pupal stage is shorter in duration than either the 
larval or the adult slage. 

THR ADCTT 

DISTINGUISHING MOKiaioLOGICAL CII.\R.\CTERISTICS 

Tlie adult (PI. 4, A) is from 0.7 millimeter to 0.9 millimeter long' 
shining black bodv. Certain distinguishing characteristics are as 
follows: 

HiTuhjiiiulruti'.alxnitaswifleaslJiorax; faccconvox; occiput, vertex, and tacediv 
timjiv ir.nisversely nis;ul<)<>c iPI. 4, H); uiiUiina with base of scipo bhuk, second iniii: 
i)l ilu- il:i"elliiin ill m;ilc distinctly curved and larircrlhan th.it of the female (PI. 4, C 
iin«l Ic; scnlcllnmlaii r.illynnifgined; lci:S(T.tirelypiccous; tarsi fuscous; wingsa.' j l" 
t nines Us lonii as .ibdoiueii; ovipositor (PI. .t. C and D) slraij;lit, slightlv enlJU’^erl uiK 
b.iii.l at apex. I late I), slicnys the sheath, gorccrct. and slyict of the ovipositor, 
llie i.\,irus are also cliaraclcrisiic of the species, beiii;.' nearly spherical, with sliort, 
tiiiek t)\iduei about as loiii: as the diameter of the ovary. A sindc ovary is shown 
in Pl.iic j, E. ./ .f 

P.tRTHliXOGENIiSIS 

Ii.\j)cnnicntal rearings have shown that parthenogenesis may occur in 
P!iit))^asl. r -untalis. In one ex])eriment seven unfertilized females were 
put under a cloth-topiied glass cylinder on potted wheat plants bearing 
eggs ot the Hessian fly on their leaves. The Hessian fly larv* which 
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Sdeveloped from these eggs were killed on different dates and sectioned. 
iThrce such larva; killed at the end of 26 days contained normally develop- 
|ing -rryialis embrj'os; two larva; killed at the end 01 43 days dis'closcil the 
^presence of healthy, mature sernalis larvm; and two killed at the end of 
|;8 days contained serna/is cccoons. Two similar cages showed the 
'development of hcaltliy ■L'eniatis embryos. 

r SE.\' RATIO 

§ 

i From 1,169 adults which emerged in conlincmciit, 4S.59 per cent were 
ifemales and 51.41 per cent males. The occurrence of parthettogenosis 
iinny e.splain the preponderance of males in this sjiccies. 

* To determine whether the several individuals developing in single 
ipii],iaria usually compri.sei! one or both sc.xcs, records were kejit of ihe 
|scx of the adults (whether emerged or not), in the case of 48 host itiiparia. 
501 these 48 pujtaria, 40 yielded ailidt parasites, each brood of which was 
ieilher pure male or pure female; while each of the remaining S puparia 
\ produced a mi.veJ brood of both males and females. This indicatc.s that 
fin the polyembryonic development of Platy»ashr rrrnalis the adults 
■.jiroduccd from a single egg are tisuallv of the same se.v. The coming 
i<,i both sc.ves from a single host eould be explained on the grounds Lliat 
(more than one egg was dcpo.sitcd in a single host insect. 

OVIPOSITIO.N 


K female of Plulygasirr lermlis, when seeking Hessi.-m fly eggs iti which 
to oviposit, travels at a moderate rate up and down the leaves of the 
wheat plant, repeatedly tapping the leaf before her with her antcnntc. 



rin. i.“- Iijacrani sbowinc tlie teni]nn-y of Plalygailff wwo/m to avoid ovipofiliiiB twict iiitu llie some 
oi'g. Ttif short Sines the If i-sjian lly eggs; the erosfcs mark out the eggs <jvij>ositcff into on tlie 

lirst visit of thtf paraaitc; the ■lolled line idots out the course of the sei.ou(l visit; the dKles luaik out 
the host (.•I’k’s oviivisired inio during the secuid visit. 

As soon as her antennse come in contact with an cgj. she halls and 
concentrates on the spot. At limes she loses track of the e.<;g, where- 
she turns in small circles until she finds it again. After finding 
iIk- egg, ihe parasite strokes it rapidly with her antenn.T and meanwhile 
'Strides it with her body held parallel to the long axis of the egg, wiicre- 
U!)im the abdomen is drawn iij) with the ovipositor exserlcd and in 
■c^'niacL with the egg. After sliding the ovipositor back and forth over 
;the surface of the egg several times, she begins to insert it, usually at 
about the middle of the egg. At this point she draws her antennLe 
downward and remains motionless for the rest of the time, cxccjit for 
slight inovcim nts of her abdomen, while bearing down on her ovi]3().siior. 
Ihe entire act of oviposition requires about one iniiiule, the average of 
10 oviposilions being 59.9 seconds. 

Altiiuiigh certain individuals in confinenieiil have deliberately ovi- 
posited several times in one host egg, most females seem to avoid ovi- 
positing more than once in the same egg. This tendency is shown by 
the experiment illustrated in figure i. 
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In this tiias^ram 12 Hessian fly eggs are represented in approximaLelv 
the Siunc jxisition as they nmirred on the wheat leaf. A vernalis fema'e 
was allowed to visit tliesc eggs twice. During the first visit the eg-s 
marked with a cross were attacked. The dotted line plots out iJn; 
n>iir%(‘ of (he second visit, and tlie circles indicate die eggs attache;! 
during this trij). During the second trip the female examined each n; 
the egg^ with the exception of the one at the extreme end, but she con- 
sistently refibcd to oviposit in any except two which had been omitted 
during the first trip. 

lh\pcriuK-iUs indicate that Plalygaslcr vcrnalis lays only one eg; 
fluring a single oviposition. This is the usual number found in reared 
niaicrial anil in that collected in the field. In confirmation of tliis 
Ix-lief, it was found that 1 1 host eggs laid in confmernent and dissected 
irnniedialely after having been punctured by this species contained but 
one irnuihs egg each. 


rDTliNTI.M, PKf^GUMTlV'liNESS 

At the time of tx’losion of the adults the eggs have reached their full 
dcveh'pmenl in size. In order to ascertain the average number of eggs 
contained in I he ovaries, the eggs of 10 females were dissected out and 
counted. The count sliowed an average of 22S.3 eggs per female, with 
it iiiaxinmni of 290 and a minitnum of 117. The eggs are so small and 
numerous that in order to count them it was nccessiiry to spread them 
out m a liquid on an eyc-i)itco micrometer disk ruled into i inillimcU'r 
stjuares. Dy couiUing the eggs from one ovary at a time, accurate 
resiilis Were jmssible. 


LKXC.Tlt OK LIFF. 

In order in fibtvim data on the length of life of the adult, 59 adults 
Were tlivided into three groups subject to dilTerent conditions, Lot 1 
included 13 leiiiules and maie.s, placed in a large dry vial plugged wit!: 
cottmi and with a liiile sugar solulion lor nourishment. Lot 2 coiitHiTKil 
i.^ females and .S males in small vials plugg'nl with cotton and left in a 
sitiiralc;! aimnsjdiciv. with water accessible. Lot 3 consisted of 13 
females and 3 males in small vial.s in :i s;ilurated atmosphere but witli 
sugar Si'liuion jnr nounsluiient. Tlic atmospliere fur I/>ts 2 and 3 w:is 
kepi saliiraled by placing the vials in a relaxing box. The resiills are 
.suiantarized in lablc II. Die .shortest length of life was 3 da)'5 and the 
longest 27 tlay.sijn Luts 1 and 2 ihc average length of life of the femaks 
exeecded that >>1 the niaics; and the parasites left in a saturated atinos- 
]diere with water availaiile had the longest average length of life, nameh.', 
12,21 davs. Ihroughout the experiment the temperature of the hlxira- 
torv m whicli it was conducted varied from .^5= R to 78^ F., with an 
avi-rage teeiperaturc of 61^^ R 

I'Aiicnu A-Jiny or high temperatures undoubtedly have some effect on 
liu* li-ngtli oi lifc.^ Several adults, however, were sui)jected to a tern- 
perature ot eg'- !•. C.I for a period of 5 hours without any 

noiioeable ill effects. Adults siihiected to heat exjiired within a minute 
at {nnprraltiias from 117.68“ R to 120.2° R (47.6° C. to 49° C,). Short 
exposures to temperatures of 117.22° R, 116.60° F, and lower did not 
pro\e lalal. 
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iLot j was kepi in a dry atmosphere with sugar solution for nourishment: Lot 2 in a ■utiirau-d jtiuospluTc, 
> with water; and Lot 3, in a saturated atuiosplicre, with sugar solutkm for 


N' umber of adults. 


Male. Maximum. Minimum. ! 

I I I'emale. 


Length of life in days. 

j Amage- 

Male. 


4:6 
8 ■ 26.33 ' 


3 4-53 13 .4.! 

3 ! 14.71 ; Q.ru 


3 j 8.46 i 8.89 


S-53 i 


OTHKR BEII.WIOR 


I When in confinement the adults crawled rapidly alxuit but very schluin 
‘ flew. They nearly always moved toward the light. \Wu’n suddenly 
'disturbed, they feigned death by drawing up tlic legs and anlcniue close 
: to the body and remaining in this aUitiKlc for a few seconds. In actual 
' death, the antennte and legs are found stretched away from the body. 
\Mien at rest, the body is usually held in a crouched i-Kisition, but wiih 
legs and antennee not draum as close to the body as when siniiilaling 
. death. 

I'or nourishment tlie adults readily take uj) sugar solutiun. \\'hen 
allowed to go a few days without water, they Ixicatuc very thirsty, as 
was demonstrated by the quickness with which they found a dicp f)f 
water placed near them and the eagerness with which they accepted it. 

When emerging, the adult parasite gnaws a round or irregularly 
shaped exit hole through the cocoon and jmparium. (PI. 3, K.) Soiiie- 
times a few such holes in the host pupariuiii are sulTicient to ]KTnut 
all the adults within the host to escape. 


SEASOXAL HISTORV 

To obtain data on the duration of the various stages of Plaly'^astcr 
'.emails under normal held conditions, dissections wore made of tlie 
Hessian fly in various stages collected at intervals Uiroiiglioiit the year. 
Such record.s were kept during 191S at Carlisle, Pa., 1919 and 1920 at 
.Miititu Holly Springs, Pa.; and 1921 at Xew Windsor, Md. 

Hie lilies on figure 2 show the maxiiimin range of occurrence of each 
f tige as determined by the earliest and latest records of their iircsence 
in the field, assciiiblccl from data collected during the four years men- 
tioned. The records of the occurrence of adults were obtained by sweep- 
ing, and those of the embiyos from dissections of Hessian fly larv® after 
they liad descended to the bases of the plants. Since Platygastcr vernahs 
oviposits ill the egg of its host, embryos of tliis parasite must have 
occurred in the field somewhat earlier than is indicated in the figure. It 
may be observed that the vernalis larvae spend considerable time within 
cocoons before pupating. Cage rearings, checked by field c.xaminations 
made during the winter, show that the adults normally remain within 
the cocoons until early spring. The line representing this stage on the 
chart has not been extended farther Iban to September 27 for economy 
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fjf space. Occasionally adults have been found to emerge and oviposi* 
during the autumn, but this is exceptional, and field observations indicate 
that eggs deposited at that season fail to mature. 



l-i'i (Ht irrcnrciii tlic I'ariMK sUgt.'s of rialivaUfurnalisis fomicl fwirit'vaminnt icin'; inaiie 

tiiiiina tl)f \i-.trs (roiji lo ig.-i. iudustve. The daU-s on whicli tbc c.Mmiaations weie tnadi' iiro 
jiiiliiainl y( tlu-bonomoi iht digram. 


I'iS'ii'f 3 slirnvs the rate of devclopiiicnt of the various stages of Phly- 
emla vnmilis hum May 17 to Octolrer 18. Tlicse data were obtained 
by the dissection of Hessian fly stages collected in lots of too or more 



..J .ni’,'.' ft o™* as ISc,. woirred duiine t 

i.sl d< oniriilaSl,: “■ arc », 


at certain dates ciiinng 1919, as indicated at tlic base of the diagram. 
All 01 the collections were made at Mount Holly Springs, Pa, The rather 
late occurrence of -.-cnalis adults during that year was probably due 
entirely to meteorological conditions. 
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I CERTAIN ECOLOGICAE CONSIDERATIONS 

I Various factors in the environment of Plalyxoster vernahs have a nuirked 
Ictlcct m modifying its normal rate of multiplication and help to produce 
|a correspondingly high or low annual rate of mortality. 

I hy making a series of examinations of Hessian fly forms taken from one 
Icertam field or farm throughout the season, it has been possible to obtain 
Interesting data bearing on this point. The individual piiparia in each 
frcamiiiation were selected impartially as they were met with while tlie 
Iwlieat tillers were being inspected for them. They were dissected under 
^hc binocular microscope and the contents of each carefully classified 
STable Ilf shows the results obtained during the summers ol 'iqiS loio' 

S Q20, and 1921. The same results are graphically represented in ’figures 
, 5, 6, and 7. The collections were made on a farm at Carlisle, Pa., in 
oiS, on a farm at Mount Holly' Springs, Pa,, in 1919 and 1920, and on 
farm at New Windsor, Md., in 1921. 


Ul.—Morlahty of PkWgoiUr iv.riialu, as observed in eollvilwis of Jkuitvi jh 
fowirS inaJe ai tnten-ats duriihj the years igiS, IQlt). Tgjo, and j(jji 

J9iS: FIVE COLLECTIONS FROM FARM. CARLISLE. FA. 





Results of exaiiinia«i<in of IR-ssian fly lorius. 


Dale c( collci'tion. 

My forms 
exainiucti 

CviHain- 
inc living 
P - lcrnolts . 

Cojiiain- 
inu Oe-atl 
unrrrcit;- 
ui^.sL'Ie 
■Matter 
and ilc.'iil 
P. ■.{inalis. 

OtliPtwisf 

paranitizcd. 

l.iviiictin- 
fwrasiii/f(| 
Ily liiniis. 

Mortality 

P .' truiiHs - 

.Mav 


Xurnbff . 

58 

184 

Pci inti . 

70-33 

76. 09 
59. 62 

Per {(nt. 

Per cent . 

Pet cent. 
20. (19 

8 . <i<j 

17 ' 3 « 

I’er cfiit . 

Jiiiv 

i- 

0. CO 

4. 8() 
7.69 

4. 06 
24 - 

A^■ <l<> 

24 

15- 3 « 

Au,!'. 

27 i 

81 

14. Si 

28. 40 

5 . 5 - «9 

o- 7*5 


34iiy: NINE COLLECTIONS FROM FARM. MOUNT 

HOLLY SMUNGS. 1 

A. 

•MpV 


^39 


1. 44 





1 

> 7 ‘ 5 .-> 
46. 00 
28. 18 


.t<l. 00 
48. iS 

0. 00 



3 10 

1.5.26 

8. i8 

36. 00 

5 ^ ® 9 
60. 03 


TfVl 

00’ 

21. VAi 



- 

T'H 

12. O7 


4C. w 

yj. \tyj 

77 - 9 ^ 
80. S9 








200 


r; 

62. 50 
66. w 

•I- uu 


10 


27. 50 










FIVE COLLECTIONS FROM FARM, MOUNT 

HOI.T,y SPRINGS, I 

A. 

JuiK- 

10 


51. 00 

6. 00 
40. 86 


36. 00 


Ji.il- 


186 


85. 27 

At;-. 



38. 00 

' 

Syi.t 

-Ni.V, 

8. 



-■r 

4.. w 


27 



i' . 

4 b 

00 

i/i. 08 






42. w 
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Table UL— Mortality of Fialygaster vernalis, as obsened in collections of Hessian f, 
Jams made at inler?als during the years lQi8, igiQ, 1920, and IQ21 — Continued 

EIGHT COEtECTIONS FROM FARM, NEW WINDSOR, MD.-( ontmued. 

Results of cxaiaiaation of Hessiaa fly forms, 


Contain- 


Itutt ol cullcitioD. 


Flv forms 
examined. 


Contain- 
ing living 
P. xeraalis. 


ingdead 

' Otherwise 

and dead 
i.-rsn/w, : 


I.ivingnn- 
paiasitized 
flv forms. 


Sumber. ptrcenl. Percent. Percent. ! Percent. 


Mrty 9 117 7()-07 i 5 - 39 ', o -^5 

juiH* 3 100 93.00! 21.00 I 16. 00 I .00 

2\ 100 2g. 00 23.00; 40- 00 8.00 

July i.> 100 16.00 . 43.00 • 38.00 I 3.00 

:>,S ICO lO. 00 • 56. 00 ! 26. 00 I 2. 00 

v\iii;. 12 no 20.91 .16.36; 28. iS .}. 55 

30 ico 21.00 47.00 ,' 2Q.oo| 3.00 

too 6 .CO ■ 70.00 I 2r,00 I 3,00 

. , j j 


Meirtalifi 

cji 

P.urn^h 




In till discs, for the sake of flie nnifonnilv necessary in obtainir.;:: 
cnird t pcroeiita.sie results, tlic host is taken as the iiiiil. J'or instaiicLv 
if all llio iiulividual parasites in a sin<(lc host were dead, llie liiUer was 
classiiicd as cunlainin^^ dead -ccrmlis, but if one or more of the vcrnaln 
were alive, the linsi was classilicd as containin'; llie livin" parasite. 

I'ndcr the lieadin,;; "Otherwise jianisitized" are included pupari.i 
from which jiarasilcs other than vcrtniUs have emerged, or in which siicli 
oilier jiarasites are recognized whether dead or alive. In case of the rc 
cognizable occurrence of both and some other parasite in the 
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Phfyqasier vcnialh, Hessian Fly ParasiF 

lame host, it was classified according to the condition of irrnnlis. Such 
^\•ere comparatively few. 

Y Ihe number of hosts containing dead materia! recognized as vcnialis 
^ is ac a rule, exceedingly small. The cause of the death of vcnmlis in 
Such cases could seldom be detcmiined, although sometimes (hev ai)- 
pcared to have been eaten by predators. 



Ill 191^ (Table III), by the 19111 of July, ihc morlalify of Phlygaslcr 
■:,>n<!l!s reached 4,V96 per cent and by August 2-, the date of the lust 
C'tllci'lion for that year, it had reached as liigli as per cent. At 
ihut lime the death of at least 45 51 per cent of the vermUs parasites was 
due to the competition of other Hessian lly parasites. It would Ijc liaz- 
anions to say that any greater pro])orUon were desir(»yed by this agency, 




Iy" C - Mortality vi Plulygmler trrnu/ir. fi< obsoivi'il hi cnllcnioii- tsf Hcr iai; lly l<jiiii«- mi.ilv at Mr irit 
Molly Spiinsj, Pa., in j^jc. (Table III.) 


"Hire the remaining 35.82 per cent could be accounted for by hosts coii- 
' uniug dead unrccoyiiizable matter and dead z'crnalis. 

In 1919 (Table 111 ), by July ii, O0.03 per cent of IhQ icrwjlis liad been 
de-iroycd. By October 10 of the same year 93.91 per cent had died. 

’I biese at least 46.14 per cent were killed in competition uilli other 
'yiricnoptcrous parasites of the Hessian flv. 
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In 1920 (Table III), by July 21, 85.27 per cent were destroyed, an? 
by (he 27th of Xovember the mortality had reached 96.0S per cen: 
.tlthoujli other parasites undoubtedly were responsible for the deati 
of many of these, the figures on this date show such a high percentajf 
of piiparia containing dead, unrecognizable matter and dead Phtygas'k, 
r mw/i ithat the entire 96.0S per cent could not be assumed as having bet- 
killed in c(]m[)etition with other parasites. 

In 1921 by the 12th of July (Table III), there was a mortality of ;,r. 
Ho/ir to the e.xtent of 78.97 jtcr cent and by September 25 the percentaa 
of (Icath reached 92.1 1 per cent. While in the results of this last exams 
nation the death of nearly all of the vermiHs could be accounted for bv 
the large ininiher of pttparia containing dead unrecognizable matter and 
dead P. tmiu/u, yet the figures from the collection taken [une 2 1 of t'ht 
same year show th.at fully 31.64 per cent had already been killed as earli 
as June by other hymenopterous parasites. 



delnm'l-''"' ''‘”""’”2 '’Ij^rvations the following conclusions may be 

( 0 During each year the death rate of Plalygnster eermlis was verv 
iKh. being not less than S1.33 per cent lor anyone year, and in 1920 
[)Piij,i; as In-^h as 96.0S i)er cent. - . > .> 

nc.'h’h n IS' due to com- 
ptiiiion with other Hessiati flv parasites, 

f.i) During the years 19, S, 1920, and 192 1 lor the localities under obser- 
'■iiiou, I . -ermlis was more effective than all other parasites of the 
spring generation of the Hessian dv combined 

are luJiU detrimental to the mnliiplication of Pklygaskr vermlis ve; 
b V Stippleunent the latter sufficiently well to effect a very hi^h deatb 
of -r , II T>‘«- act as a safeguard in case of scardtv 

Imhclv tid m-d T' Tfr"; ''vperparasitism appears to be 
the vai,,; of the ler pral'tes 




PI.ATH I 


I’hitvil'i.^kr reniiili.'i: 


A. sci-tion of ce:? br*Forc ovi(msitinn. X 

i:.- - section ni crrjj imnirfliiiU-ly afu-r ovii>osUiOT. X 391. 

C • -I/'ii'^itiKHnal section of Hessian fly larva containing a veTmlis cs:< within the 
jniiiijili-siine. v ;-t|. 

n. -Sa-^itlal section of Phlyiynin Vi'raalis C(rs about ir flays olri, sbowins four 
enibrycs in ibe blasLiila staje 0/ development and numerous paranucleur m'.-usscs 

prcsi-ni / Ci.iy 

If. P.ir.isite miss of /’/•/fi'.jidi'i' vernilit c-mtaining oi'^lit embryos at an advance'! 
Sf i'^c of (levclopnicm. X S7. 

Ivxphmaliiin uf symI)-tlson Plates 1-4 


e::- ■ cc'!^. 

(•illbr'-t>. 
t;c ;,'( rnt cell 
'.'o c;*'r.;cr>'!. 

5ii-) ):r.;idiMc. 
nii mi'iinicstiin'. 
null ii.:)iii!i. 


• !!ix=ni;':<iila. 
Iiji^paranncloar mass, 
f'r=|iroctndaeiiin. 
sli “slieadi. 
sspr--si,Tn:il sp.niil I, 
stw -.stotuacli wall, 
slvl stylet. 



P! ATE I 






PLATli 5 
Phlypasta U'rnaUs: 

A.— Vontntl view of primary larva, showing certain outstanding features of the 
ijiteriial anatomy, such as the stnmarli wall and procTodaeum. X 132. 

1!.— Mandible of prinuiry larva. ;< .ji;- 
C,— Lateral aspt'ctof nuiUirc larva. X 77- 

I) — Vamral a.spect of head and thorax of mature larva, showing mouth and nunith 
p ins, X 2J2. 

H — Mandible of mature larva. X 8;)3- 
}': -MiLxilla of mature larva. X 



PLATl- 3 

Plaiymkr venuilu: 

A. r'liilyiinsla vmio/w cocoons frmn a single Hessian fly pnpariiim, X 20 . 

H ■ Uilcral aspect of l\ vcnialis papa. X (i6. 

C. (.)vi}X)sitorof /'. vt'DirtiV.'. Xjt;- 

1).— Paris of ovi|K)sili>r of rernalii, sliowiiig slicalh, gorgcrct, and stylet. 

)v. -Ovary of P. iouiili.<. 3^6. 

Ilxitliiilcs in Hcssi.iiilTvj)H|);iriuiiiin;idtt by adult i'.rartdlw in emerging. Xi,’. 





I'l.ATli 4 

i*laiy<)aslcr xernalis: 

Adult, females. 

H,— l'r;)nTal view of head of adult. 

C, -Antenna of male, 
n,— .\iitc-nna of female. 
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